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Thi« Bilitary t«c^^c«l training c«ur»e has hnmx seleeted aod adap^d'by « 
The Center for Vocatioaal Education^: for "Trial X»ple»tiitation of a HodAl Systea 
to l^ovida Military Curriculus l^atials for Oile is Vocatioaal and t«c4i\ic«i' 
EducAtion," a pro j act apoosorad by cb« Bucacau of Occupational and iuiul' Educatioxit 
U.S. Qapartnast of Baaltb» Edueatioa,^ aad Mfara. 
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The iailitaiy-dgvelo|?ed \narrlqtiijaa nw s in this ooutsq 
package were'selected by the iSeNisnlu. Oentei: for Hesjaarch in 
VoGational EducaticHi Military Curricui^n" Project for dissent- ^ 
ination to the ^ix regional Curriculum Coordination Centers 
other instructicmad materials -agencies. The poipose of 
disseminating tliese courses was to make curri&ulum materiails . 
developed by the ndlitary loore accessible to vocatiotvil^ 
educators in the civilian setting. , ' ^ ^ 

Hhe oouzse mterials \idere acquired, evaluated by project 
staff and practitioners in the" field, and pr^aared for . 7 
dissemination, ffatericils vMch Mere specific .'to the - nilitary \ 
, v^re deleted, oci)yrighted raaterisds were either omitted or aqppro-; 
val for their ise was obtaii^. These course packages oontain 
curriculum resource materials 'vMeii can i5e adapted to si^^rt * 
vocationiCL instruction and curriculum |3evelic^fnent. 
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FOREWORD 



1. PURPOSE': This pulaUca.tion is the plan ol Instruction* (POI) wh'**»^ th*" • . rhown 
on page A are bound into a' single document. The HOI prerssrilws the qiiaUtatj*"'" 
requirements for Course Number 3ABR34S30, Refjl^ipi^tation and Air Ct ^idiltiouiTg 
Specialist, in'terais of criterion objectives and teachlsg steps Resented by unit« 
o£'instruqtion and shows duration, correlation with the training standard, and 
s^pport liiaterials.and jpiidai^ce. Whe» separated ioto units of instruction, it becomes 

~ Part I of the lesson plan* This POx.was developed under the provisions of AJCR- . 

^50^5, Instnjctional System Dev^opmei^, and ATCR S^r?, Plans of Instruction and 
Lesson Plans. * • < ' . 

'2. COURSE DESIGN/DESCRIPTION. Tlie.iastxu,ctional design for this' course is 

Oroup/Lock Step. The course trains airmen to periorm duties prescribed In AFM**' 
39-1 ^r Refrigeration and Air Conditimiing Special!^, JVFSC 54530. Training 
^ includes the use of AF publicaticms and forms/ and commercial.^anuals relate4 

: to identification; location, functiop, instaillation, operational checUiifgh servictog, 
repair and maintenance of refrigeration and air conditioning systems. [ The course 
alsQ includes wat^r analysis ^ conditioning. In addition, related training is 
provided on driver education, troop information program, commander's call/ 

briefings, etc.* ' ' , . ^ ' 

> ' ■ ' i . 

3. TRAINING EQUIPMENT. The.number ^ibwn in parentheses after ^uipment 

, Ustsed as Training Equipment Under SUPPORT MATERIALS ANI\GUID^CE is the 
planned numl^r of students assipied to each equipnaent unit. 

4^ REFERENdSS. This plan of instruction is based on Specialty Traiiiing Standard, 
54530/50/70, 18 AprU 1973; and Course Chart 3ABR54530, 15 January 1976. 

■ ■ .' 

FOR THE COMMANDER ' 




, wSAF 
Chief,' Dept of Civil Engineering Training 
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Supersedes Plan of Instruction 3ABR54530^ 15 August 1^73 v 
OPR: Depa^ment of Ci\'il Engineering Training 
4>ISrRIBUTI0i.4: Listed on page A 
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•> ^ MODIFICATIONS. 
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j^X f m ^ o f chi« publication has (have) bacn dalttad in 

adapting thitlmatcrial for inclusion in th'a "Trial Iflsplascntatipn of a 

» 

Model Sy»£«n to Provide Miiitary Curriculum Mattriais for Usa in Vocational 
al^d Technical Education.'^ Dltlated material involves extensive" use of ' ■ . 

military forms, procedures, 8yst;^enj8, ett. and was not considered appropriat.e 
for usfe in vo'cational and technical educktion. 
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SyPPORT ICATEIO^ AND GVIDANCS 



Stadwt faitxiictional Matwials f « 

aG«ABBM530-I-d, Hiad Tooli and Special Tpoli 

WB'^A&!«l4S80-I-3rPl, Idai^ftcattott. and StKttion ot ^aml Tooli, Special 

TooUp Portable and XiiAaUii^fi Shop Equipmei^ . - 
2TPT-9^-01y COmmoB Hand TqoU ^ * 



Trainin^EjUdpment . , 
.Traine^ Welding^IXial Vr^pe with Tool Dnnrer (22m 
IH?weT.dx5liidtr (12) * . ^ • 

Pow^ DrfU (12) ' ' ' 
Hand Tobli fl) ^ ' ' ^ s 

Training Method^' ' t" 
i>iaGU8i^cm/Oemoiifltra^n (1, 5 hrs) 
Performance (1, 5 hrs) 

Ingtructional Gnidattce \ 

Place afieqiiate emphiisitt on use of drill stand, indents should alvays tvear 

gobies wh^ operating drill stand. , 
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and Ai3^ Coaditimiing 



FunddmcatoTB . . 



4. Refrigeratioi Likes/ FttUnga and Tube; Fabrfcatlon 



f « \ 



a. Given an asaofrtment of refrigeration tubing, complete Uie 
workbook, by identifying this tube by i^e. anid type. SIIS: 8a 
BCeaa:«W,.PC^ I' 



• (1) ^pes of . cogiper tubing and thdir' applications 

(2) Sizing copper tubing 
> * ■ .\ " . \ .'s* ' 

, b, Ufeng a ruler, tubing cuttei^^ tubing b«id'er, and a roll of 
copper tubingf measure, cut, and bend tubing as specified in the 
worWfcioc^; STS: 'SdCS),. 8b, 8c Meas: W,. Pp. 

(1) Tools for. measuring cutting and beidingV 

(2) Procecture^ for'^cut^ng and bending copper tubing 
' ,''{a) Safety pre,catttiof!S . . - 

(b) Cutting 'copper tubing 

(c) Bending copper tubing . 

c. Using a ruler and an assortment of refrigeration fittings, 
identify each fitting .by size and type as ^cifled in the workbook* 
STS: 8d Meas: W, PC . 

(1) Selecting identifying refrigeration fittings 
' (2) Measurement of fittings 
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COURSC CONTf NT 

\ ^ 

( d. Using a ruler, tubing cutter, flaring kit and copper tubing, (2/0) 
measure, cut, flare, and swage the tubing. a« specified by the 
s wortoook. STS: 6d{5), 8c Meas: W, PC 

(1) Tools used for flaring and swaging 

(2) . Raring procedures 

» # • 

(3) Sw^to procedures <' . 

SUPPORT MATERIALS AND GUIDANCE 
Student Instructional Material 

SG .3ABR54530-I-4, Refrigeration Tubing, Fittii^ and Tube Fabrication 
WB^ 3 ABR54530-I-4-P1, Identifying Copper Tubing 
WB 3ABR54S30-I-4-P2, Cutting and Bending Copper Tubing 
WB 3ABR54530-I-4-P3, Identifying Refrigeration Fittings 
WB 3ABR54530-I-4-P4, Flaring^and Swaging Copper Tubing 

Training Equipment 

Special Tools (1) ' 
Refrigeration Lines (1) 
Fittings. (1) i 
Tube (1) 



Training Methods 
Discus^n/Demonst ration (2 hrs) 
Performance (4 hrs) 

Infltnictlonal, Guidanbe 

Place adequate emphasis on safety precautions involved when working with 
tube fabrication and tools. 



PVAM or IMTMieTIMIHOL 



3ABRS4S30 |iyRiMiary 197g 




Fttiidamentalp 



mm mmr 



4l 




7^ 



5. Soldering 
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a. Using the welding trainer and the hydrocarbon tordi, eoft- 
aolder a copper asvage with at least 75% penetration, witb^ excess 
Inside of joint. STS: 5e, 6c, 6d(l), 6d(5), MD* Meas: W, PC 



(1) Major parts of the hydrocarbon torch 
<^ / ^ (2) "^ypes of soft solder ^ 

(3) Procedures for soft soldering 

(4) Inspectidh of soldered swage 

7_ 



1 
It 



* 
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b. Using the weld$jig trainer and the hydrocarbon torch, hard- 
Solder a copper swage With at least 75% penetration, with no 
excess inside of joint. STS: 5e, 6c, 6d(l), 6d(2), 6d(5}, 9a(2) 
Meas: W, PC 



(1) Type (d hard solder 

(2) Procedures for hard- soldering 

(3) Inspection of soldered swage 



(3/0) 
Day 3. 
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COUKSt COMTfNT 



C' Using the welding tniiner and the hydrocarixm 
^eh, aluminum- solder ah aluminum swag»with at 
least 75% penetration wjlh no excess inside the joint. 
STS: 5e, 6c, 6d(l), 6d(2), 6d(5), 9a{3). Meas: W, PP 

Typ^ of aluminum sblder - ^ 

(2) Procedures for. aluminum bracing 

(3) Ihsj^btion of brazed, swage ^ 

d. Using the welding trainer and the ozyacetylene 
torch; silver-solder a copper svage Joint with at least 
75% penetration with no 'excess inside the joint. 
.STS: 5e, «c, 6d(lk 6d(2), 6d{5), ?b Meas: PC 

(1) . M?4 3r parts of the oxyacetylene torch 

(2) Types of silver solder 



(3) ProqjKiures for silver-brazing with S.il-bond 45 

(4) Inspection of brazed swage * 

(5) Procedures for brazing with SU-foss 

(6) Inspection of brazed joint 



(3/0) 



(7. 5/0) 
Days 4 
and 5 



SUPPORT MATERIALS AND GUIDANCE 

Student Instrucfaonal Materials 

SG 3ABR54530-I-5y Soldering 

WB 3ABR54530-I-5-P1, Soft Soldering 

WB 3ABR545^0-I-5-P2, Hard Soldering / 

WB 3ABI154530-X*5-P3, Aluminiun Brazing 

WB 3ABR54530-I-5-P4, Idaitifylng Ocyac^lene Equipment 

WB 3ABR54530-X-5-P5, Preparing Ozyacetylene Equipmetxt for Use 

WB 3ASR54530-I-5-P6, SUver Brazing 

WB 3ABR54530-I-5-P7, Silver brazing Using SH-Foss 
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c. Using the welding trainer and the hydrodaijxm 
torch; aluminum-solder an aluminum swage with at 
least 75% penelration with no excess inside the 

STS: 5e, 6c, WW, 6d(2), 6d{5), 9a(3}. Meas: W^, PC 

(1) Type of aluminum solder 

(2) PrQcedures for aluminum brazing 

(3) Insipection of brazed swage 

d. ' Using, the welding train^ and the oxyacetylen.e 
torch, silver- sblde Era copper swage joint with at^ast 
75% penetrs^on with no excess inside the joint. , 
STS:. 5e, 6c, 6dQ), 6di2), 6d{5), 9b Meas: PC 
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Day 4 
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(7. 5/0) 
pasrs 4 
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• ""^ (1) Major parts of the oxyacetylene torsl^^ 
(2) Types of- silver solder ' * 

r 

• (3) Procedures for silver-brazing with Sil-boni 45 

(4) Inspection of brazed swage * 

(5) Procedures' for brazing with Sil-foss 
^ (6) Inspection of brazed joint 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

SG 3ABR54530-I-5, Soldering 

WB 3ABR54530-I-5-P1, Soft Soldering 

WB 3ABH54530-I-5-P2, Hard Soldering 

WB 3ABR54530-I-5-P3, Aluminum Brazing 

WB 3ABR54530-I-5-P4, Identifying Oxyacetylene Eqikipaient ^ . 
WB 3ABflI54530-I-5-P5, Preparing Oxyacetylene Equipment for Use 
WB 3ABR54530-I-5-P6, aiver Brazing- 

W^3ABR545aQ^i-5-P7, Silver Bitoing Using Sil-Foss i 
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Tz«lB«r, W«ldli« Dual Thm (2) 



tr>totag li< 



Mttttipjg Mitrttctor Raquirciaent 
/^ety^ ^^piipili^i^, SupervUtdn (2) 

iQfltrttctional 




li^etf precaotiDnfi involvaH 



in tfa^ ttM of 



V 



PlSLco suleqiifltd _ . _ 

torches, solderliv flqtti(ini«at, hsbuning of oxygen, and acetylene eylindere; 
4md the handling of hot mebi. 



W^ J^o inaCzuctors are reqtiire(| for 11.5 hours doring^Jtudent - 
perfoi^ftance .(4.25 hours iii Day 4125 honrsin Day 4, and 3 hours in 

[JE^ 5). 
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7. Me^rement Teat and Teat Critique 
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^ ' * or CON^NTS • . * ^'^^ 

StttdjrpuldM 3ABHS4530-I * 

Nurobtr Tltl« ' • D^te - " » ' Pag< 

•» ■ - - ' , 

I-l Ori^otation and Civil Ei«S^M«rtxig April^l975 ' i . 

Organization 

1*2 Safety (Use Comtnon Stodjr Gui(te> ' January 1^75 

-PubUah«<i'SeparateliJ) v , , - . 

1-3 Hand Tools and Special IJoolS April 1975 ' . 23 



1-4 Refrigwraiion Tubing, Fitting, 

and Tubing Fabricatloft*Soldering A-pHl -1975 . " " ■ 43 



1-5 Soldering * April 1975 ^'^57 
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'^is supersedes SG 3ABR54530-I-1, 1-3 thru 5, and WBs 3ABR54530-r-i-PI thru 5-P6 
September 1973. ^ 

Copies of the superseded publication may be Uj|ed until the stock is exhausted. . 




MODIFICATIONS 

<^ Chis publication has (have) been deleted in 
adapting Uiis^ material 'for inclusion 'in tl^ "Trlayn,plementation of a 
Mbdel S>^|:eo to' Provide Military Curriculum Mat/rials for Use in Vocational 
^and Technical Education/;' Deleted 4aterfal ihvol^fes extensive 



use of 



'military forms, procedures, system,. 'etc . ♦nd was not r insider cd appropriate 
^.,tor usfc in vocational and technical education.' 
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S6 iJkait54SlO-X*3 
^ April 1078 

HANDTOOM AND SPECIAL TOOM 

INTRODUCTION \* 

b« th« mt Lportmt IS^SJ ^ ' ^ di.cu.Md, .iac th..«,wJu 

f ••irnJ'*j;uJ*«r5;iL*'3if ^* • ^^^^^^ ^^^^ toJu b A th. 

to Sui'tS^iS JS'*irrS:; ™.'Sf 'Sfi: no on. boSIr 

*r. going to outlia* th"Lrr^h«^Sii«2 ^li**' ^ 
your guidMc inf^SSS' S^^'wi T?*^!??? tool.. for 

tA«y will p.y Off fSj^lS'th^AifrSk^/^^^^*' ■^^••^i™ ^iv.n, 

th.ir lif. »nd in«.nS hlJ 9^^.. hi. tool... ^Um prolong. 

k..ping^i."Sol S;*^iii«;,"^°^"°y ^« of hie woSc >r 

Th. eh.<* ii,t o£ . good aichanic look. lik. thi.i ' ' ' ' 

U.. ..ch tool ^ly for th« purpo.. lnt.nd«d. 
H.V. . .p.ci.1 pi«5. in th. tool box for .tch tool. 

« ■ K««P junk ud unii.eM»«y tooX» t>ut of th. tool Hok. 
7. *Mp tool box., ..eur-.ly look,d Md in . „f. pi.„ in 

TO^UINfi TOOLS 

Scr«drlv.„ „d eo-o«ly r.f.rr.d to a. tor^in, tool.. 
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' B«for« ttudyin? torquing tooli, th« msanin? of th« work "torqua* should 
b# under ito^. Xt li m focc« th«t pzoduess or t«nda to produot a ii^otating 
or twlAting notion such «■ that shown in figurs 1. Torqu* can b« app^Lisil 
with any tool which is 'Usad to prodjiea a twisting or turning »oti,on. Too 
much torqua will brlak bolts (f igura 2) , strip thraads , or causa intarnal 
strass {strain tha insida of tba bolt} which waakans bolta. l^chnical ' 
Ordav l-lA-8 contains charts which giva.tha safa torqua valua that can ba 
appliad to diffarant bolts and nuts. Torqua can be figured by multiplying 
tha length of the wrench handle times the pounds df fore* (push or pull) 
appliad. ' ^ , 




Figure 1. Torqus Figure 2. 0^«rtorqiitd Bolt 

If a wrenci) handle is six (6) inches from the center of the drive to 

the l^end grip, applying a force of forty <40) poxmds will pi^oduce ''240-inch 

pounds of torque inches x 40 lb « 240 inch lb). See figure 3 below* 




Figure 3. Torque - Length x Force 

The smaller the,^P*^i"9 in the %rrench is, the ihorter the overall length 
This proportions ther lever advanta^ of ths wrench to the sise of the belt 
or stud* With a given amo\mt,of pull on a wrench, a short length will 
produce lets twieting or torque^ and will reduce the possibility of 
shearing or stripping the nut* v ■ ^ 
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KluiwpiixvBxil 



and tfiae*^ wqut rnubfin *x« typ«ft of ActrcwdclytiX* tchlBii .as* la nninn tufti 
■ * , • • 

laoh typ« is dsiigiuKl to fit • pftrticular , typ« icrw^ at ihown in 
fi9ur« 4. Within ••eh tysw thtini «r« t«v«rai iii«s. lis* of th* 

«cr«tidx'iv«r iaer«M«ff m tho liM of tht terow incrauici. 







IP- 



Fi9ur« .4, 



PhHUpi it«t<f and Princt 

Screwdriver Bits and Scr«%r S^ots 



COMMON SCHEffORZVER 

Tha eoainon ac^awdrivar .ha*' a flat bit, tha facai of the bit baihg 
alaoat parallal at tha point. ^ 

Scra%^ivara ara uaually. idantifiad by aiza according to tha length 

of tha blada *nd tha width Ql^iiuLiilt {m figure Sj^-jjaaaura-t^a aoaaw*^ 
dri var froo ^th» baaa of tha handla tq^thf. o* r'33iia glyaa 

tha acrawdrivar aixa. C^sauo' aiiaa' arara", 4*, 6" 8" 10" « awl X2". 



• IT 




rigtira 5. Siza of Scra«^ivar 
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Rifiht 





•LAM 1«e fMALL. 
•CaULT- KMT ILAOC 

MP OAMMIO temm 




Wrong 



Figur« 6. Exmxt Pre»«ur« Downward 



Pigura 7. Bit Size 



«cr«w .lot. Cro..point''.«r«#di?iv«r fisril dk^^Si^ in thi liL^n-r 
a coBoaon screwdriver. *^ o-wnaxflro in tna laak naimar 

OFFSS^.jBCDINDIIfyjill 
croaapoint bi^. •» ^ nava aitnar a coBaacn or a 



Phil Hps Serewhead 



i! ips Screiifdriver 





Reed and Prince Screwhead 



Reed and Prince Screwdriver 



Figure 8. - Crosspolnt Screwdrivers 




J 



Figure 9. Offset Screwdriver 
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WMCHES 

^H-*""!!?*** *nd nuti to tighten or looMn 

. SOCKET WRENCHES AND ATTACHMINTS " 

holt T«. Sfi; •! f ^2-point opening to fit? • hut or th« h«ad of a 
•SikiL* il^ *^°12^f^"*,* opening to rce«lv« th« driv« h*ndl«. A 

•hort distanca bafora it can ba rafittad on /a nut or bolt. SoSata ara 
SSulJt^SfJSrS::!' with a tofqu. vrancS?1; al^^'r.SJifi 



l2-Point Opening 





3/8-Inch Oriva Hudla Opening 



i » I Handle 



Figure' 10 : Socket and Handle 

Ordinary aocketa range in aize from 1/4 to 3/4 inch. The drive 
handle op«ji«ga are made to fit 1/4- , 3/8-, 1/2- , 3/4-? or l-iaS^«niare 
drive. The ai.a of a aoc^et i. ataaped oA the ii^ of the aoSSetT^ 

hinged- j^i:,^r?::/Sj;sj^-iX"^^^^^ inT:" sSdii- ^^^^^ 

IRKICSSI HANDLE 
' * HINGE HANDI^ 




Figuri 11. Ratchet-' Handle ' 
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Figure 12. . Hinge Handle 
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ftFXXO HJUDXiX 



Th« ipsiKi hAiuUt iimm tiqMxm 
is used vith « sock«t to raaovf or 

iiuituULl Hilt* or ]Bolta «is«.T«. wry " 
litvtl* forc« is required and th«£«' < 
is plenty of rooa. niis hsndls is 
not suitsjbls for brsskin? loos* os^ 
torquing .« nut or bolt. ' 




^Figturs 13 . SpAcd' Handls 



SSIDXIIG T-BAR HANDLE 



Ths T-b«r fssa figur«7l4) is ussd on jobs that require a -^lar go ajajount ^ 
"of torque. The T-bsr is often v^Md with 'an extension bar, ai^ui^iversal 
joint, end a socket, as shown -in figitre 15, to spin nuts or bolts' looser 
fast from e difficult place. 




T-B«r 



Extension 
Bar 



Socket 



Universal 

Joint 



Figure 14. . T-Bar Handle, Exteneion, Universal Joint, and Socket 



Ell 

Socket 
M Ell Handle and Socket 



The ell handle {figure 15} ia used 
with a socket on jobs that require 
an extra large eunount of torque. 

Figure 15* 

y 

EXTENSION 

This b^r is used to jsidd reach to the handle as illustrated* in figure* 
14. This bar coiaes in various lengths and fuiiables the mechanic to get to 
bolts or nuts that could not normally be reached. 

UNIVERSAL JOINTS 

Univerial .jointi- (figure 16\ are 
used so that the socket can be ifpfked 
at an angle wi^th the handle. 
<*■ ' 

Selection of the type of handle 
to use with a socket depends vqpon the 
'job' to be performed. 




UNIVERSAL JOINT 



Figure 16. Universal Joint 

One thing to keep in tiind when using lockets is that' they should never 
be overstressed. Alwayi use a socket that is big enough for the job. A 
3/8-inoh square drive is not constructed to do the heavy work which 
should be. perfomed with a 1/2- cr 3/4-infch square drive. 
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aox SUES NxsnaasS' 



Sh«s« wr«nch«s sre callad box «nd because they box or conmletely 
und the nut or bblfe head. Thia wranch la a bar with a U-point Head 
on aaen aftd. ■ 



K«i/-52!L i*'*! <?"**tara to looaan or. tighten a nut or - 

bo^/«Kare a miniaua- handle -travel o£ 30 degrees is possible. In tighten- 
infa nut or bolt, fchate is little -chanqe of the vrench slipping off. It 
is alowet than other types of wrenches in that each time the nut ia 'tutned 
the^wtench has to be lifted and refitted to the head of the bolt. 

The wrench size is stamped on the handle (see figure 17). Notice that 
the wrench ends are offset^ IS degrees for hand clearance whilii using the 
wrench (figure 18). 



Shank or Handle 





H«ad 



Figure 17. Box End Wrench ' Figure 18. ISf Offset 

. ; , OPEN END WRENCSEES 

Solid nonadjustable wrenphes. with, openings in each end are called 
open-end wrenches. * ■ 

The size of the openings between the jaws determines the size of the 
wrench. This means »th€ distance across the flats and not the bolt 
dianeter . • ' ' 



As you look atjthe open-end wrenches, notice that the head and open- 
ings are at a 15-dagree angle to the shank , (see figure 19).. This offset 
makes it easier to work in quarti^rs. 




Figure 19. Open-End Wrench 



An •IsMntary txick is that o£ "floppix^g" As wrsnch aftsr svsry 
stroks, as shown in figurs 20 - tujming.it so ths-othsr face is down' and * 
ths ^gls of ths hsad is rsvsrssd to fit ths nsxt two flats of ths hsx 
out* This afJ(«s it auch iaasi«r to loo»«ri pr tightsn a-^nut, B« sure ths 
wrsnch fifes th« nut. .A **r«nch that is too largs will, round off ths nut. 
Always pull on ths wsinch, if possibis. 




' Figurs 20. Uss of Opsn-End Jjrench 

Ad jus tab Is Jaw. Ths adjustabls jaw 
wrsnc^i is fimilar to ths opsn-^nd 
wrsnch, sxcspt that ons jaw is siovs- 
abls, snabling a single trrsnch to 
bs usad on ssvsral sizes of nuts or 
bolts (sss figure 21} . Ths size 
of the wrench is determined by 
the total length. Alwayf 
reoeaber to close th^ jaws tightly 
against the nut or-bolt before 
starting work. If this is not " 
done, the nut or bolt will be 
daaagsd by the jaws. 

Figure 21. Adjustable Jaw Wrenches 

Pipe. Pipe Wrenches are used for turning pipe, round rods, or * 
smooth fittings which do not offer a gripping surface for other types 
of wrenches (see figur» '22} . However,- s/ncs the jaws have teeth which 
can damage the work, the adjustabls' st^ap wrench should be used if mars 
are objectionable. • . ■ 

M ^I^^^ wrenches are merely six-sided bars bent into the shape 

of L. They aire used to turn internal wrenching bolts and screws 
(sse figure 23} . 






Figurp 2?. Pipe Wrench Figure 23. Allen Wrench 

^ Application 

In deciding which is the best wrench to uss, study the job to be done 
and consider ths working space. Space and conveninece greatly dictate the 
type of wrench you will use. Box end or socket wrenches are generally 
considered first choice wrenches because they are less apt to slip. 
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CLEANING AND CA8£ OF WKZHCHXS 



Wash qtmrnnm and dirt from wrenches with cleaning solvent. Wipe dry 
with « clean dry cloth, Sciour rust froa wraoches with crocus cloth \:^r 
alusdnusn oxide abrasive cloth. Apply a thin coat of oil to hand tools 
which' show a tendency to rust. 



TORQUE .WRENCHES ^ 

Most mechanics have tendency to overtorque. That is why torque 
wrenches w^re invented. A tor^e wrench enables the xoechanic to tighten 
a nut or bolt with exactly the proper aiaoinit of torque. If "a nut is left 
loose, it does not hold securely • ^f it is too tight r it may break the 
bolt, strip the threads, or put unnecessary strain on the parts being 
held together. The torque wrench ^indicates to the mechanic when the 
preselected torque value is attained. 

Torque wrenches should be tested for accuracy at least once a month 
or as often as usage requires* After each test, torque wrenches are banded 
with a strip of color ta|e approxixsately 1/2 inch wide, containing the date 
(month and year) plainly marked thereon. The location x»f this tape is 
iha%^a in figure 24. Torque wrenches are classified as e special tool, there- 
fore are not issued in tool boxes. They may be^ checked out from a central 
point in the orgainization to which you are assigned.' 




0 Color Band 



Figure 24. Toxtjue -indicating Wrench 

HAMMERS 

The Ball-Peen hammer (see figure 25) is often used by the mechanic to 
shape soft metal with the peen end and hammer harder metals with the face, 
rt is commonly used for driving chisels. 

This plastic hammer {see figtire 26) is used when working with 
materials which are soft enough to be damaged by using other types of 
hammers. This hammer is not used on nails, chisels, or oointed metal 
objects*. 




Pssn 



Face 




Figure 25. i)«ll-P«en Karansr 



Figure 26. Plastic Banner 
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Do oot grip aaur tha haMMr haad baeauaa thia radueaa tha iovt^it • " 
i^fl^M ^^^^f handia elosa to tha and and atrilta tha objact with 
tha full faca of tha haanar as iiluatratad in figura 27. Haanara with. . 
exM&tMdt bxokmn, or looaa handles or a daoaoad fmc» should b* tumad 
intp^supply for rapXacaitant. . 

Pliara of many typas ara aanufacturad for apacilalizad usasf Howavar, 
kona typas hAva auch a wlda application that thay ara found in aXnost 
avary Mchanic s tool box. Thaaa ara tha diagonal cutting (dikas) , lono 
^VZ^ ^ ;o«binaUon alip-joint pliara. Pilars ariTusaa whan th; gri? 

tha hand is not anough to do-tha job and holding is nacaasary. Pilars 
ara holding toola and ahould navar ba usad aa tqrquing tools. 

Diagonal cutting pilars (figura 
28) ara uaad foif cutting wira, raoov- 
ing cottar pins, and spreading aplit 
ands of cottar pins aftar tha pin 
has baan insartad. Nhan cutting 
cottar pins, cup your hand or lay a 
rag ovar tha pins to prsvant tha 
looaa ands froa flying into your faca. 

Long aoaa pilars (figura 29 J ara 
usad to raach whara fingars cannot or 
band saall piacas of natal to tha 
dasirad shapa. 2 




Corrtct 



Figura 27. Uaa of HasBoar 





Figura 28. Diagonal Cutting Pliers Figure 29. Long Noia 

Tha combination slip joint pilars 
(figura 30} ara mora widely usad than 
any othar type. Thay ara usad for 
holding itock, twisting and cutting 
wire, and holding hot or cold natal. 




Figure 30. Combination Slip- 
Joint Pliers 



Pilars may ba elaanad with a pre- 
scribed cleaning solvent, brushed and 
wiped clean with a. clean cloth . Lubricate pivot points with one or two 
drops of oil. If jawa of pliers are worn, replace with a serviceable 
pair. The size of pliers is determined by their overall length." 

SHEARS 

Shears ara used for quitting sheet metal of various kinds. Figure 31 
illustrates aevaral comaionly used shears. Shears with curved blades are 
convenient for making curved cuts. Scroll pivoter snips turn easily and 
follow irregular line readily. Bench iheara are used for cutting metal 
of 16 -gage or lighter. 
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ftENCHSHiACS 



Figure 31. Types of Shears 

COLD CHISELS 

Cold chisels are tools used for chipping or cutting cold metal by 
hand befpre its surface has been failed to a fit; Cold chisels are made of 
* a good grade of tool steol* hardened at the point and sharpened to a cut- 
ting edge. Chisels are driven with" a hasBser. They will cut 4ny. aetal 
softer than they are (in general, any netal that can be cut with a file). 
Figure 32. shows several types of cold chisels. 
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Pig\ire 32. Coassonly Used Cold Chisels 

Chisels are classififd according to the shape of their point; the most 
coiBoon shapes are the flat, cape, round-nose, "and diaaond point* Best 
results will be obtained if a type of cold chisel is selected that is 
designed for the particular work to be done. 

Flat chisels are used for cutting sheet metal. Cape chisels are used 
to cut grooves, slots, and keyways. Round-nose chisels cut round grooves 
and di««ond-point chisels are used p cut V-sh«ped grooves. 
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STOCX-HSAD 80UAAS * 

Ttim StocX-H«»d tq«^« nmt wiXl bm ua«4 yo« th«i *ay otbtr 
layout tool. Zt hm* four fwrU. Thty «t« « f*pdii*t«d »t««I ^>l»d#» « 
stock h««d« Iml, and socibor (sm fiqura 33). 




Graduated Stoal BXada 

Tha blada i» laid off in inchas. The inches are than divided 
into 1/2, 1/4, 1/8, 1/16, 1/32, and 1/64 of an inch. 

The blade should not ba ellowad to get wet, and it should be 
kept lightly oiled to prevent rust. If it is dropped or thrown anwng 
other tools, it may be dasagad and, tHerefore, hard to re^. 

• » 

This stock head when used with the graduate 1>lade, will enable you 
to "square" stock which is to be cut. It may also be used^to lay off 
45- or 9C-degree. angles {see figure 34) and t^Kcheck for level. The 
scriber is used to mark natal. 




Figure 34. Checking for Squareness 



Center Punch 

lifter the exact spot to be drilled has been marked, the center punch 
and a ball peen haanar arc used to make a slight hole or dent in which to 
start the drill (see figure 35) . ^ 
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Fi9ur« 35. C«nt«r Punching 
HACXSAKS 

Hacksaws ar« us«d for cutting mstals in much th« «aiM way as a 
carpenter's saw is us«d to cut wood. 

Correct Use of H*cks*w ' 

The haicksaw should be held, 
fimly to prevent blade from 
"chattering" and. twfeting; it 
must also be held at. such an 
angle that at least two teeth 
will be cutting at all times 
Cs«« figure 36} . The cut should 
be startad with a light, staady, 
forward stroke. At the en^, 
of stroke, pressure should 
be released and the blade drawn 
♦straight back. After the first' 
few strokes, the stroke should 
be as long as the hacksaw frame 
will pei^t, and no pressure 

applied on the back stroke. Speed should be held down to 40 or 50 strokes 
per minute, and never be more than 60 per minute. Just before the cut is 
finished, pressure should be relieved from the hacksaw and the rapidity 
of strokes decreased. 




.Figure 36 

4 V 



Correct Use of Hacksaw 



. Files are. used for cutting, smoothing, or removing small amounts of 
metal . 

Types of Files --^ 

Files are made with single cut or double cut te*th. Slingle cut files 
have only one set of teeth in parallel rows. Double cut files have two sets 
.of teeth cut at ^ angle to each other , forming diamoml-shaped' teeth, which 
cut faster than, single cut files {see figure 37}. 
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Siflflt Cut 



Coublt Cut' 



f igur* 37. Siagl* Cut axui Doubia Cut Files 

■ . 

The file •houId.«Xw«ya,h«v« a tight^fiittin? handle, or tha p«:i^on 
using it mv }>« injured. If th« £il« focjsoma cloggad wi/€lv RMtaX particlas, 
it will not out but will scratch and mtx tha work. Zt may ba claana^ wi^ 
a oatal pick, or with a fila card which is a 'forsi of stiff wira brush 
(saa f igura 38} . x 

Hand-Oparatad Drill ^ \ * • • . ^ „ 

Hand-cparatad drills ara uaad whara tha work canz^ot b* ttksin to a shop it 
or whan thara is no powar-^rivan drill. Thraa doasron hand-oparatad driUs 
ara known aa tha hand driU (agg. baatar) , tha braast drill, and tha braca i 
(saa f igura 39) . « 

\ . 



FiU Card 





Figura 38. Cleaning a Fila with 
Fila Card 



Figura 39. Hand-Oparatad Drills ^ 



TAPS 



Taps ara usad to cut insida thraads in drillad holas or a cylindar. 
Kinds of Taps V 

Tha thraa kinds of taps ara tapar tap, plug tap, and bottoning tap 
(aaa figrura 40) . 




Figtura 40. Thraa Xinda of Taps 
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f\^* i»Port«nt that the tap bm started itraieht and 

Protact. th. SS"??i«^^|a;'i„i*?2.^i.*^^ 

Extramc caution ahould ba uaad 
whan ramcving a tap from a hola 
aftar tha threads «ra cut. Any 
tida aovaant may daaaaa tha tap " 
or tha thraa^s. ^ ^ 

,^ , * t«P braak whila it is 

>*>aing uaad. i% can ba raiaovad from 
tha hoXa with a aaiall blunt cpld 
chisal or a punch. Tha t^p will 
Usually start backing out whan tha 
chisal or punch is struck . lightly 
With a ball-p«an hassaar. Onca tha 
brokan tap is started turning « it 
can ba repo^d with a tap axtractor. 
If thara is no extractor < the broken 
tap may be backed all the way out 
with the chisel q» the punch {see 

figure 4^ ; Pigu,, kenoving Broken 

• ELECTRICAL DRILL- ^ '-^^ ^ ^ 

shows a popular tvoe elLJ^iS '^^f?? operator^ PLgure 42 . 
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Figure 42. Ejlictrio Drill 



G««r«d Chuck 

Otdinarily, straight shank drill 
bits At4 usad in Isoth th« hsnd- 
opsrstsd slsetric drill snd^*^^ 
•Isctrie drill stsnd. Thssc bits 
art sscursd in s^ksv-typs gssrsd 
chuck {s«s figure 43). The g««r«d * 
chuck sutosMtieally csntsrs tha • 
drill shsnk. Usually r the chuck is 
BMitehsd with th« drill so that -the 
chuck will opan only wida anough to 
.ri(caiva tl\a likximusB siss dril£ {or 
tha sotor. Fdr axaa^>Xaf a 1/4" 
alactric drill will hava a chtiek 
which will taka up to a 1/4* drill 
bit* 




Figu^ra 43. Gaarad Chuck 



DRILL STAND ^ . 

1 . ' ' • ■ . 

A drill stand (ssa £igura 44). ai4s in accuratsly -^locating and snaintaia 
ing tha diraction at a hola io bm drillad, as wall as prpviding tha 
oparator with an aasy control for faading> tha drill into tha woVk. A ^ ^. 
lavar is prdvidad on tha stand so tha oparator cMn faad th« driil into tha 
work with vary haavy or^ light prassura. Mhan using tha drill staiid, cara^ 
must ba us«d .in saourii^ or holding tha work whila filling sq that it 
doas not novayaround and in jura tha oparator. ' >^ ' 



BZNCB GRINDER 



9" 



Fig^a^5> shows a cooaon typa of banch gr;i.ndar fragrantly usad in 
rafrigaration shops for hand-grinding oparationi. Coaiaon usa for such ,s 
grindar is to sAarpan ehisals# rafaca scrawdrivars, grf^d drills, ranova 
axc«ss ibtal frooi work, and ssiooth aatal surfacaa.. , ^ < 
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Fi9ur« 44. Drill Stand 



^^Figur« 45. 



Bench Grinder 



When u«in9 a grindar, tha work ahould b« held f imly at tha corract 
angle on the rests provided and fed into thej wheel with anough pressure to 
.reatcve the desired aaount of aetal without generating too oUch heat. 
Nital to be gro\ind should be fed against the wheel with both Hands.., The 
4 hand should never cone within three inches of the whei|l. ^ \ 

Before using a bench grinder, b# sure the wheels are firmly secured 
. to the. spindles by the flange nuts and that the work rests a^^ tight. 
Cleat' goggles nust always be worn, even if aye shields are attached to the 
grinder. Ksap in"aind' that ik, is unsafe to use' a grinder without wheel 
giaalds. Also reaieiaber that it is easy to run your thu»b or finger^ihto 
tef %heel. Whef 1 i^est guaifds should be adjusted to within 1/8 Inch of 
't^»a'' grinding wheel. » ^ —V 

!■'■.' '» ' . - ■ 

Thare are many types of hand and neasuring tools with which you will 
pitfons your job. some of these tools arc the screwdriver;, hamaer, 
%nraAChas, chisels, and pliers. Bach tool has its own particular 
application and must be used for that purpose only. ; . : 

• Modem equiiatent would be useless if accuratf measurement and adjust-r 
mant «^ould not be made. In your, career field, f ire^t^nt use of measuring 
topis, such as rules, and torque irrenches, will be necessary. 

Tools must be clean. Cart must be taken to use the proper type and 
aisa tooL for f particular job. Tools shcmld ba stored properly fo they^ 
. vill nort i>e damaged while not in use. 

fmitmfbmr, regardless of the type of job to be done« you isuat select 
'and corractly uaa tha proper tools in order to do your work quickly and 
accurately. 
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QUE8TI0KS 

J.. What is th«' maenin? "torqu**^? 

■2* «• fdur ty{M« of wrench' h«ndU» d««tgne<l for. u«« with fock«t«? 

.3."' 'What typ« of pli«i-i ar* usually ua«d for cutting wira? 
4. Why Bust a scrawdrivar ha hald firmly against tha scraw slot? ^ 

^* IHIlLiSiI JiS' r*"*'*' ■«itafala fo>)turni;ig pipa*or roued rods and not 
suitabla for usa pn nuts and bolts? - — 

6. .To what fractional part of an inch ara siost ru-iea graduated? 

hSLr'*"^'* * * '^•"^•^ punch bafora drilling a 

'I , - , 

8. When should «^ drill snand bm \xmmd% 

9. - What pracautions must ba takan bafora using a banch grinder? 

10. Whaal rsst. guards must ba adjusted how'cio:^ to the grinder wheel? 

1. TO 32-1-101, Maintananca and Care of Hand Tools 

2. . TO 32-1-151, Hand, Measuring, and Power To^ls, 
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OBJECTIVE 

, To httXp you in learning: 

- Th« typas and ch«r«ct«ristics of coppttr tubing 
• The types «nd purpos* of rafrigcration fittings 

- Tubs fabrication 

INTRODUCTZOZi 

Tubs and pips ars ussd .to tranafsr liquids and gatss throughout 
rsfrigsratlon and squip»snt cooling systsras. Soas of thsas linss must 
withstand prsssurss up to SOO o.s.i., and othsrs raust withstand as louch as 
29 inchss of vacuus. 

Khsn installing coppsr tubing, sslsct a path that rsquiras At least 
ons band. This is to hslp aliainats work-hardsning caused by vibration 
and to allow for expansion and contraction due to ten^eraturs changes. 

Rsfrigeration work requires cutting „ bending, swaging and flaring 
of tubing. The servioeaan's succsss depends to a great sxtent upon his 
skill in performing thess operations accurately. 

COPPER TUBING 

The ease of handling and high heat conductivity make coppeKxubing 
highly desirable for use in refrigeration, pltuabing, and heating 
installations. 

Although copper ttibing it in wide vise, t;t}ere is an unusual aaount of 
confusion concerning its terminology and use. People who have handled ana 
used copper tubing and fittings for yeprs still make mistakes concerning 
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tarn fiM* jiiwi «^Iic^tien of «h« «ii£f«r«nt typ«c. to comctly identify 
copp«r tubing and fittinfi, you waimt eonsiter Utt«rf such «i^K,- *i,"7 
«nd "M" and tarau such as soft drawn, hard tainpar, hard drawn ^ aonaaXad 
and dahydratad. Annaaiirtg is tha procaas of haat^ing, than siowly coolina 
tha tubingr rasultdng in tha tubing baing «o£t. ' 

Typas of Tiibing 

. Typa "K" has tha thickaat wall. It is normally uaad in stean heating 
and high prassura systans. Whan using this typa tubing, you must ramamber 
that outsida diaoatars ranaih constant as tha wall thidcnass incraasas 
and inflda diamatars dacraasa. This may raquira using tha naxt larger 
•iXm to aceoaiDOdata tha raquizad liquid or vapor. 

Typa "L" is usad in r.afrigaration systams in sizas above 3/4 inch. 
Soft-taa^Mrad typa "L" tubing ia uaad to tukm continuous coils because it 
is so easily bant. On some installationa this typa tubing is usad to 
connect a remote condensing unit to the evaporator. The ease' of banding 
eliminates^ cutting and soldering. This allows installation time to be 
reduced, tea ioinimum but doesn't make a very attractive aystea. Hard 
tampered type "L" is used for mains, herders, and risers, and should be 
used in any area where the tubing might baeooe damaged. The use of hard 
tampered tubing and soldered fittings makaf very attractive installations 
fnd should be uaad where appearance is a factor. 

Type "H" tubing has a thin wall and is suitable for low pressure work 
only. It h«^ baen widely used for sanitary drainage and may be used for 
interior water supply in some areaa. This type of tubing is manufactured 
in hard ten^r only and in fixes 3/8 inch O.D. and above. 

Type "M" tubing should never be used in the refrigeration system. 

y Type DWV tubing has the thinnest wall of all. It is only recooaaended 
fo^ installations without pressure su^ as drainage, waste, and vents. ' 
About the only place where the refrigeration serviceman can utilize this 
typm of tubing is in condensate water disposal. 

Type "refrigeration service" is manufactured specifically for use in 
the refrigeration industry. Tha wall thickness is sooawhare' bet^en types 
, "L" and "M". This type of tubing is man\»f actured only in sizes 7/8 
inch and under. It is fiimished in soft teaqper only and is packed in 
SO-foot rolls. The tubing is cleaned, dehydrated, sealed, and annealed at 
the factory.. The use of this special refrigeration tubing helpa eliminate 
problems of moisture and foreign particlea In the refrigeration systos. 

Corom*rcial tube cannot rightly be called a type. This, term is used 
to refer to any copper tube made to a custoner's specification rather than 
standard specification. Ccjmmercial tube is used in prefabricated evapora- 
tors condensers , and packaged refrigeration units. It serves very 
satisfactorily as long as the manufacturer makes sure the tubing will 
withstand the pressures and temperatures that the finished product will 
be expacted to handle. 

liefrigeration service people should never use comnercial tube unless 
they are very sure of the pressure and temperature range. 

t * 

Temper 



When speaking of "K," "L." and "M" tubing, there is mam tendency to 
talk about "soft drawn," "quarter-hard," "half-hard," and "full-hard.* 
Howav^r, for all practical ptirpoaes, these types of copper ;|tubing are 
either hard or soft; the in-between texq>ers are not signifiwant to the 
serviceman. Remember, refrigeration service tubing is alwips* sof t 
dra%#n. 44 < 
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sis* ars 14snticsjL« The fsct thst Jo£t tubing csn be bsnt ssiily givss 
a falss i«pr«ssion thst it is vssksr. isl^ - / ^ 
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Color CQd* > , t 

As.sn aid in rsducing, sdstskes as to ths typs of copper tubing # 
manufactura'rs ars sipw* color-coding all sjbandard si^zss or coppar tubirig. 
In soM caaaa, tha usual idantifying words will ba in cb|.or; in oth^r<^ 
easas, a continuoua coXerad strip appaars on tha tu^in^. In most/casas, 
coils of rafrigaratioh sarvica tubing ^ara idantifiad by tha color of the 
carter^. ' * 

Thill colors adoptad by tha Coppar and Brass Research Association are: 

Type K • graan % - • 

Typs I* - blue 

Type M - red • . 

^ Typa DWV - yellow w- ^ ^^ ! 

Typa Refrigeration Service * crimson 

ALUMINUM • *' . 

High heat conductivity and light weight makes aluminum tubing 
ily used in 
refrigerators . 



widely used in the manufacture of evaporators for domestic, (hoysehold^^' 

STEEL 

Strength and high heat conductivity ' is the reason stsel has become 
the prime metal used in condensers for domestic refrigeratorA most % 
dooestic refrigerators have the coiidensers mounted on the backside, the 
condenser tubing is prone to be bent or mashed in the movement of the 
refrigerator. The introduction of steel in the mani;fac%ure bls*^ondensers 
has reduced this problem. * 

Black Iron ^ . ' ^ 

Black iron is used as the metal for refrigerant lines in systems 
. ^employing ammonia as the refrigerant. Ammonia will corrode copper tubing 

Ordering Tubing and Fittings « 

One of the most confuting, things about using copper ttxbing is tihe 
fsct that plumbers use X*D. sises and refrigeration people use 0«D. sizes 
If a plumber orders 3/8-inch tubing ^ he expects to get. tubing with a 
S/S-inch I.D. Refrigeration people ordering 1/2-inch tubing will get the 
same size. That is to say, 3/8-inch I.0« tubing and 1/2-inch CD. tubing 
are the same si34. ^ 

It is very obvious when ordering tubing that you must Indicate 
whether you want an I.O. or O.D. size« . 

Tha probl^ bec^s&es even more involved when fittings are ordered* 
«^^y wholesalers list fittings by I«0« size only* When refrigeration 
^•ople order fittiw^s, the supplier converts the order to the appropri- 
^m%m size. However, very often the .purchaser has already converted in 
his own mind and has ordered fittings based on bis own tubing size. Not 
^realizing this, the suplpiier coverts again and the refrigeration man gets 
the wrong size. ^ ^ ^ 
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this is « b«d situation but «#■ cannot ehaag* it so vm ssust liv* ^ith 
iit. Ths oaiy tiling tlut can be done is to xtakm sura our ordar clearly 
identifies the tubing as to type. tea[|>er, use. and whether the size 

is I.O. or O.D. , ■ . * . . 

A typi^cal order for ^frige^ation tubing should read: 

Tubing - copper, L/2 inch 0.0. , annealed,' dehydrated/ and sealed. 

In 50-ft^ roll fo^ refrigeration iSbrJc. * 

For hard-drawn tubing,' the order should revds 

Tubing - copper, type' "L," 1/2 inch' 0.0. , hard-drawn, straight, 
^ in 20-ft lengths for jr|frigeration w^. ' " 

Wt€h this infomation yo^ can be sire of getting the 'correct size 
and type of tubing for use in refrigedfetion sya terns. 



TUBS FABRICATION 



The fabrication of copper txibin^ is one of»^the basic responsibilities 
of the refrigeration specialist. Onless thfe copper tubing i» cut, bent^ 
flawed, and swaged correctly, connections will leak and. the riefrigeration 
system will fail. 

Tub«/ Cutting - ^ 

To cut 'tubing, use either a^acksaW or a ^ube putter. Th^ tube cutter 
is preferred because a irfuch smoother cut can be made with it*. 



TUBING CUTTER 
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The tubing^ that is generally ^uaed 
for refrigeration ^grk can be cut 
with the tub« cutter. Tubing may^ \ 
be cut Hio exact length by placing 
the cutter wheel on the ineaeured 
mark (see figure 46) and turning * 
the cutter slowly around the tub- 
ing. After each txirn of the cVt- ^ 
ter, additional preamure {about 
1/4 turn on handle) is applied to the 
cutter wheel until the txibing 
is cut. Excessive tightening of the 
cutt;ing wheel will leave bursts on 
the inside of the tube; cause it 
to collapse/ or become out-or- round., 

A 'sharp tube cutter will leave i 
little burring on the inside of 
the txibing; however> most cutters 
have a reamer ^ shown in figure 47. 
The^ reamer is used to smooth the 
inside of the cut. When the readier* 
is not in u^e, it should be turned 
around to prevent inj\iry to the ' 
operator. The tubing should be 
hiald in such a position as to 
insure that no chips or filings 
fall inside the tube. 
k 



ADJUSTMENT WHfECt 



CUTTEf? WHEEL 




TUetNG 



REAMER 



Figure 46. Usinqy^Tube Cutter 



Figure 47. . Using^the Tubing 
Cutter Re^ixoer 
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If «,io£t tutting i« u««.a,|tii« •nds of th« porti«i not to b« ui«d 
should b« erijRpod, caippmd or f inched %^ k««p it clean and fr«« from 
Moisture for further use.. If hard tubing is used, the ends should be 
capped or plugged. 

Sone tube cutters have a specially designed flare cut-off groove 
in the roller • If a flare should becosM dasMged and need to be rejaoved, 
the flare is fitted into this groove and the blade cuts it off at its 
base with very little, waste (see f igure 48) . 




Figure 48. Using tfie Flare Cut-Off Groove 

^ it a* tube cutter is sprung out of shape # the wheel probably will not 
track around the tube* It: nuiy cut a thread instead of staying in the 
sajoe groove. Therefore, it is irnpor.tant that you t^ke care of your 
*^cutter. 



If a hacksaw is to be used, a 
^lade pf 32 teetii per inch is pre« 
ferablei Extra^care xoust be taken 
to insure that the cut will be" 
square. This can be aecomplistied with 
the use of a miter box as illustrated 
in figure 49. After the tube has 
been cut, its ends must be reaoed 
^br freed from i^iirrs . 

^ube Flaring 




Figure 49.. Cutting Tubing with a 
Hacksaw 



The first an^ most in^iortant step in flaring is the preparation of 
the tube. ,The ends of the tube, both inside and outside, should be 
smooth and coetpletely free of burrs*. If this is not accoxsplished, it is 
alsost impossible to produce a leak-proof connection. 

^ A flaring kit consisting of a flare block and a yoke is used to pro- 
duce flares (see figure 50). Special precaution should bSrtaken to 
assure that these tools are always clean and in good condition. 

' ■ 

To produce a flare of the correct slxe, the tube must be inserted 
into the flare block so that it extends above the surface of the block a 
distance equal tq, the depth of the bevel in the flere block (see figure 
51} . The yoke spinner should then be tightened down on the tubing end 
approxiMtely three -four the ot^a turlT and back it off approximately one- 
fourth of a turn. Tighten it three- fo.urths of a turn and again back 
off one-fourth of • turn. In this way i flare of the correct si«e and 
contour is made with little or. no danger of cracking the tube. 
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Figure 50. Using a Flaring Kit 



Figure 51. Reconnwndcd Allowance 
for Flaring 



The flare is shaped to about seven-eights of its full contour so 
that wKen is tightened into its fitting', the flare will assiuBe the 
shape of the fitting* The spinner shduld never be tightened too much 
under any circumstances or the tube wall will be thinned and -weakened. 

corapleted'f lare should fill 75 {lercent of the flare seat inside 
the flare nut. The completed flare should not be large enough to com 
in contact with the threads inside the flare nut as copper particles 
taken from the flare pjay prevent a leak-proof connection. 

Care should be taken ti insure that the flare nut is installed on 
the tube'before it is flared because it cannot be Installed after the 
flare has b^gx^n made . ^ ' . 

Tube Bending ^ 

Considerable time and attention oust be devoted to practice in order 
to become competent in bending tubing. The smaller sixe tubing that 
will be used in domestic refrigerators can be bent easily by hand. 
However, a much neater and more satisfactory bend can be made with 
special, tools . Care should be taken when bending tubing to maintain the 
roundness of the'txibe and not allow it to flatten or collapse, ^is may 
be accomplished by beiiding ^e tube into as large a radius as possible. 
The minimin radius that tubKg may ba bent is five times the diameter of 
the tube. Howeve^r, if possible, the tube should b^ bent between five 
and \mn times the diameter. Xhrn cin^lete benid shmtld not be made in 
one operation, but should be made slowly so as not to pl^ce too much 
strain in any one place. All types of tubing .are easier to bend if they 
are annealed. However, hard tubing 6an also be bent if the proper tools 
are used. When bending soft tubing, precautions should be takan because 
the ibozm it is worked, the harder it becoaas. ^refore, you should 
determine where the.I»ind is to be made before starting the bend. If for 
any reason you should need to straighten the tiiUm after a bend has been 
^Mde, it is neoessary to anneal the tubing before atteo^ting to 
straighten it'^ 
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Hand b«ndin9 "^y b« actcoinpXishtKi with th« Aid of a round block or a 
Jtioirt «flctioA of 4 Iarg« pi^t but to form « fesnd vith a high dcgraa of 
accuracy f ipacial banding tools must ba uaad. 

A^tuba tending spring may ba 
usad to band tubing by hapd whan 
a high <tagraa of accuracy it not 
raquirad. Thasa springi (laa 
figura 52) com in all tizaa 
and ara mada for both intarnal 
and axtarnal uaa« Tha intarnal 
spring is for usa naar tha ands 
of tha tubing or flarad tubing, 
whila tha axtamal is bast usad 
in tha middla of long langths of 
tubing. Tha purposa for using 
thasa aprings is to pravant 
buckling of tha tubing* 




Figuxa 52. Tube, Banding Spring 



Tha banking spring has a tandanc^ to bind on tha tuba. This can 
bs aliminat^d by twisting tha spring to causa tha axtarnal spring to 
expand or causa tha intarnal spring to contract, tt may also be elimi- 
nated by bending the tube slightly farther than is desired, and then 
backing it up to tha desired angle. This will loosen the spring, thus 
enabling it to be removed very easily. \ 

Another type of tube bender which is known as the lever type (see 
figure 53) is use^. to suUce bands in tubing whan a high degree of accuracy 
is required. Many times installations ara made in close areas such as 
close ta or tinder staircases or foundations, and bands must be made at 
specific angles in order for the tubing to connect the units. Not only 
does this tube bender provide an accurate means of fabricating bends, but 
it also helps to make a neat inatal/lation. Although tha lever type 
behder is light in weight, it is also very strong and durable. 
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Figure 53. . Z«ever Tube Bender 

/ Gear-type tube benders are especially* valuable ^for bending hard drawn 
popper, stainitss steel, and other types of hard tubing. They also offer 
advantages in that they are ccmipKt and easy to operate {figture 54) , 



Flgiure 54. G«u:-Typ« 8«nd«r 

The gttar ratio o£ this type tub« b«nd*]r makes it •saisr to b«nd all 
typ«s and sizes of tubing. Th« g«ar-typa bandar is cfanarally smallar than 
a lavar type of cooparabla siza. ^ 

Fittings are used to join two or mora rafrigaration linas togathar or 
to connact one more lines to a unit. While all fittings have the sane 
purpose, they may differ in composition,, type, size, thread, and shape. 

Fittings used in a refrigeration system may be made of several kinds 
of metals, depending on the type of refrigerant used, pressure on the linas, 
and size of the units. 



Types of Fittings 

Common types of fittings used in refrigeration aystams consist of 
sweat, flare, and pipe. V 

Refrigeration flare type fittings differ from aircraft and commercial 
fittings. This difference is in the cone angle; therefore, no attempt 
shoiild be made to substitute other fittings of this type. 

Figures 55, 56, 57, and 58 are illustrations of refrigeration fittings. 
Study these illustrations to become familiar with the fittings? you will ba 
required to use this information many tinea in this course and in the 
field as a refrigerant specialist. 
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Figure 55. Types of Pipe Fittings 
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90" ELBOWS (copptr t^;^ndafd pipf) CROSS'(copp«r to-copper) 



Figure 56. Swat Fittings (Copper) 
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Figure 57. Flare Flttingi (Brmce) 
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Figure 58* Flare Fittings (Brass) 
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IRON PIPES 

Iron pipe ii oicd tn tht refrigtraaon industry in thm mijor ippUcatioai. 

2. In iwlnitry y^rlg«Mtloo cytt^os, it ia uiisd to trtntftr tht witer from the^ 
condinitr to the wtter to«r«r and l»ek« ^wf ^ruaiuio 

^' 5f aomooia im a r^rii«raitf, it is naeaisary to ass bUek iron 
pips bwanss ammouia corrodss coppsr. w ».« o«ck to, 

Swaging 

Swai^ls ths proeass'by which the snd ctf tfas 
one pisce of tutiinf Is strttehsd or cxpandsd in 
order that the end of another piece of tubii« <jf the 
same siss wiU fit into it. (See flgore SflT) The 
ioiot will then be sealed bf solderlK or brasli«. 
By swaging tiie use of a fittiog is eliminated. 

The most important factor in Joining tuhlEK is 
to have proper clearances between the parts. An 
easy slip fit with the tubii« ehoald approximate 
the range of , 0015 to . 005 inch. To insure proper centeriK of the male nart ioMmrt i» 
;iitH^i W^^l^*'' the ^oulder^ the sS^^I msmbTr!* SilTl^SisT^u^^rm " 
SSi^^K ? "^^^l' "° P"^«»*» «"oy dripping into thf 

tej^ of the tubing, where it could cause a restriction in ?e tubi% <^(^n^lp5,ent 

Swaging can be used in close places, where there is not room for flttin»' A (rood 
swkge connection wfll reduce the possibilities of leaks. »«an8». a gooo 

fiott Wt consisU ^ a swaging punch and a swagii« Uoek as illustrated in - 

^iL^ Jit 'h^^* P"^^ ^ * P°^*°° « P"«*) ats sasny into 

Sfr*^H wh^h^* ^^1.* f * tapered lead which connects this pilot with an enlaJged 
portion whi<^h is el ...itly Urger than the ouUide diameter of the tube 




Figure 59. Swaging 





Figure 60. Swaging Kit 
54 



53 



\> ^ ■ ■ ■ , • . ■ . 

^- 1^ Ualbiekaidt Of IdockCtidt Opposite bml). 

« 2. ClSQip ioto proper iilsii hole in block. 

.3. Extend: tube above block a diateoce equal to the diatanee from the bottom (tf the 
awaglnc punch Co the top at the bevel, aa ftluitrated in figure 81. 

• 4. Hold Idock firmly in hand. 

5. Uaing a hammer, drive the awaging punch into the tube (awaging punch ahould be 
turMd aUghtly^after etch i^roke. 

The completed awage wiU have an inaide diameter aUghtly larger than Uie ordinal 
outiide diameter of the tube and ahould alwaya have a depth at l^t equal to the original 
butaide diameter. ^- - 





Figure 61. Swagli^ Block 

A awage ahould not be made wifiiin one inch of the point where a flare or a bend ia 
located. The awaged portion at tiic hibiag will have a double thiekneaa, making it very 
dlfCi^ to bend. In flaring, it may be impoeaibte to alip the flare nut back far enough on 
the tube to properly clamp the tube into the flaring block. 

If awaging ic properly acoompiiahed, it will make a connection atronger than the 
tubing itself. 

All reCrigeratioo apecialiats must have a very good ui»ieratanding of tube fabrication. 
"Htia must Include such thinga af measuring, cutttng, flarii^, awaging, and bending. 
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QUESTIONS 

1. Why should all copp«r line« coataiii ota bend? ' 

2. What are the five types of copper tubli^? ^ 

3. What is the largest size of refrigeration service tubii« obtainable? 

4. What is the^coior code g(f refrigeratian service tubii«? 

5. What are two com ojot types of refrigeration fifctii^s? 

6. To make a flare, how much of the tubing should extend above the flaring block? 

7. How. is, the term "annealing" defined? 
REFERENCES. 

1. Imperial Tube Working Manual 

2. Cc^jper Tubing - Frank J. Versagi 
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April 1975 

SOLDEIUMd 



To Iwlp you in leuning: 

• The tarmi used with the oxyaU:etyleQe and hydrocarbon torch 

- Safety precautions 

- Use of oxyaeetylene torch and hydrocarix» torch 

- Soft soldering, silver brazing, and aluminum brazing - 

INTRODUCTION 

It is the rsfrigeratton spselaUst's job to make silver, brazed soft solder, and 
aluminum brazed joints and connectloas. TMs type of work, at times, requires the use 
of oxyacetylene equipment. 

The equipment used for the cgcyacetylsne torch consists of a source of oxygm and 
acetylene, two regulators, two le^isths of hose with fittings, and a torch tip. 
addition, a friction lighter to light the torch, gloves to protect the hands and wrenches 
for the various cqanecticws on the cylinders, regulators, and torches. 

HYDROCARBON TORCH 

A portable hydrocaztontorch (see figure 52) is usually used for heating materials 
to be soldered. However, if a hydrocarbon torch is not available, other sources may 
t J used. 'y 

i 

The major component parts of the hydrocarbon torch are: 

1. Torch handle 

2. Stem CTips) 

3. Regulator 

4. Fitted hose 



OBJECTIVE 
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1. AttccH r«f«iister te Unit 
Tigtitan nut witli wrwdi. 

2. Attach ho«« y to 
ragtil«ter and handla. 
Tiflhttfl nyts with wrandt 

3. Attaeli atM to handla. 
TifllitaA tha eannactiM nut 
vitk your f infers. 




FIgare 62. Hydrocarbon Torch 



Methods of Soldering 



Thei^ are two soldering methods: the direct flame method in which the fUune heats 
the workpiece and the workpiece, melts the solder, and the indirect flame method. In the 
indirect method, the flame heats the soldering iron. The iron in turn heats the work- 
piece, and the workpiece melts the solder. 

A hydrocarbon torch or an ozyacetylene torch can be used for the direct flame 
method. For indirect soldering, a soldering iron similar to that in figurq 63 can be 
used. 

. SOLDERING 

It take considerable time and practice to become competed in sddering. Soldering 
is the process of applying a molten metal to hot metals ||hat are not molten. The hot 
solder flows into the pores of theanetals being joined and as it changes state from a 
liquid back to a solid, a strong jqint is obtained. 

To solder satisfactorily, the surfaces to be soldered must be very clean and must 
remain clean throughout the soldering process. Also, a sufficient quantity of heat must 
be used. 

\ 

In soldering copper tubing, the outside surface of the tube and the inside surface of 
the fitting should be cleai»d until the mftal is bright. There should be no discoloraticm, 
grease, dirt, or oxides remaining on tiie surface to be soldered. The cleaning method, 
most generally used, is to clean the outside d the tube with steel v^ool and the inside of 
^e fitting with sandpaper wrapped around a round object, such as a pencil. 
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Uf • oC Flos > . 

jAf^ clMuOiiK, s Ukla untforni coftttni^dr noneomittt soldtclni flux ihoold be 
apsaltd to tht. ttt|it wltb a bxosh ox: psddlt. nts shooiiS nqfc bt applitd wttb fiogera or,- 
any oily oi^tct. XC Hit flux is appUadJIOo thickly, thMce«ffa flux may form bt^es when 
haatid and pwtit ttia ioldir from !Xm^ - 

Wh«i oaiof Hox , tfaa f qlfowing mnator-a|Marved: apfily the flux evenly to &e metal 
aurfice, if the flux weta the aurfaci eaaily^apct amooOly thia indieataa the tube ia clean 
aid ready for Joininc. If the flux balla up and apreada unevenly, the aurface ia dirty and 
reqiiirea cleaning again. ' 

lo addition, die behavior of the flux when heated can be uaed aa a temperature guide. 
For inataoee, oo^ brand bccomea white and puffy at about 600 degreea. At 800 degreea 
it amootha out and tuma a milky color and at 1X00 degreea it turna clear and the bright 
Ihetal surfoce will ahgw Qiroui^ the flux. 

• 

A noncorroeiTe flux is an antinartrilaing agent and can only keep the metal clean once 
it haa been cleaned mechanically. A corroaive flux muat not be uaed in refrigeration 
work, aa. it corrodea the metal. 

A very important step in good soldering ia tiiat the materials being Joined must be 
hot enough to melt the solder. This is the only way that solder will flow into the.porea 
of the metal. After applying the heat, touch the aolder to the metal to'be soldered. K 
the metal ia clean, fluxed, and of the correct temperature, the solder will flow into 
the pores of the metals to be joined. S the solder is heated with the torch, a poor 
connsetioo will result. 

Soft Solder 

Nosmally, any solder that melts at a temperature of less than 600° F is referred to 
aa soft aolder. 

A 99-5 solder <95 percent tin and 5 percent antimony) is recommended for refri- 
geratioa work. This type of solder is referred to aa a rdfrigeration sOlder. 

Never use a solder that contaiha iMd. The molecules of lead are so large that they 
will not flow into the porea of the copper to make a r^rigerant- tight seal. 

SILVEH BRAZIMj 

Silver brazing is the process of joUdng metals together by the use of a silver alloy 
with a melting temperature between 1000° to 1150° F. These alloys contain around' 
45% aHver. 

0ne of the esaeiUiala of a braced joint is tiiat there be contact between absolutely 
clean aurfaces. The first act of cleaidng may be done wift a scraper, file, emery 
cloth, or ste^ wool. A metal that haa bem cleaned immediately oxidizea on exposure 
to air. The layer of oxicte, no matter how thin, will not form an alloy with another 
metal; therefore^ bracing cannot be performed between oocidlced surfaces. However, a 
certain amount ot oxiditlon cannot be avoided; for dtia reaaon, fluxes are uaed to help 
oNnpeat oxtdw from forming. A good fllax is necessary when silver brazii^. The 
flux ia needed to prevent ooadss from forming on hot metala. 
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, Phos copper Is another type of silver alloy, and miy be used to ioin^ copper to copper 
without using flux. ' This type of.alloy has the nux or cleaniifig age^ built into the rod 
It 'is an advantage to use no flux when the tubing or patts. ar^ Joined' in a system wfiich 
should be kept clean. ' . • 

• * " ■ 

Remember: A clean, dry refrigeratlm system is one that keeps working year after , 

year without giving any trouble. 

,,es 3 mi ". se of "Ifferent /Uo^^s 
» ' • 

If properly used, the alloys used to join metals together will become twice as strong 
as the metal itself. The alloys listed are all suitable for working with copper, the easy- 
flo 3, sll-fos, and phos copper Are considered best ifor low temperature bracing. Sil- 
fos and phos copper are for use with non-ferrous metals only and do iiot require the use 
of a flux. ' ' (. 

Easy-flo 3 is 50% silver alloy, with the addition of 3% nickel. The other easy-flo 
numbers give the percentage of silver in the aUoy also. Alloys with a large spread 
between the melting poii^ and the flow point are easier to wox^c with, since the alloy with a 
large spread has ;^ better chance of making a good tight joint before it cools and sets up 
hard. The following are different types of alloys and Ihelr working temperatures. 

MELTING POINT FLOW POINT 

Easy-flo - 50 1160 degrees 117S degrees 

Easy-flo - 45 1125 d^rees 1145 ^rees 

"asy-flo - 1125 degrees 1295 degrees 

Jasy-flo - 3 1195 degrees 1270 degrees 

SU-fos 1185 degrees 1300 degrees 

Phos- copper 1304 degrees 1382 degrees 




Figure 63. Hydrocarbon Soldering Iron 



Electrical connectitms are mstmally soldered wtth a soldering iron. Tubiqg joints 
are soldered by the d^ect flame method. Figure 64 illustrates the steps to be followed 
when soldering tube j<rint6. As with any activity, there are special precautions to be 
oijserved when soldering tubing joints, as illustrated in figure 65. Study figures 84 and 
65 well; this is one job you will be required to do very often. 
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ALUBONUM BRAZING 

Alttmiouu brasiiif is tht beat method cC rtpflriiig alumimm! tubiog guch as nstmdin 
aSumtiiaio mportiton . S is also mors fttffieult to bnztf alutninttn than other metals for 
ssversl reasons. 

I > st, the melting point of aluminam and the brazing rod are usually quite close. 
For example, pore alumiaaqfi has a melting point of 1218 degrees F. The aluminum 
brazing rod (Eutec #190) m#lts at 10^0 degrees F. A difference of only 148 degrees. 
Therefore, extreme care most be taken when applying heat. 

f Second, tiiere is no ccdor change to aluminum as is heated and once the melting j 
point is reached,the aluminum ti^bing begins to crumble. 

-The brazil^ rod and the fltix used must be desi^rned for the particular aluminum alloy 
being joined or repaired. Aluminum brazing rods are color coded on one end according to 
their type, and the manufacturer lists the proper flux for each type of rod. 

' * 

. H is recommended that the purchase of aluminum brazing rods and the flux be from 
the same manufacturer ckie to the uouirement for close compatibility between the rod 
and flux. 
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CLEM, MUW TUIiMfi* 



I 



C\%m th« e«t»i(|t mrfact of th«^ 
ty^inf Mi tll« ifitN« inrfacf of tlio flttlni 
mith ilMi wool vatll MffocM ort^ lirlfiit 
tfilny. Tost tHo and of tufeinf in tko 
fJttinf to OAkt eortoin it It frwl to 
OKtooi fyU M»tli into tho fittinf syrftcoi 




Afiiy Not to tho 'joint until it roocliot 
tlift Mltinf f#itojUtyro of tho to Nor.* 



FITTIil 



TUII«6 




TMIII LAVEK of EVENLt 
DISTKliaTED FLUX 



AiOlr « thin Uyor of toltiblo fitti tp tho 
ontiro oottlio cootoct torfico of tlio 
tttOInf m4 lnti4o of tUt fHtinf. 

NOTE: If too Mich flux it iftoi, 
soM wiW foil Insido tho tubing 
tnd efog tho ttrttntrt, filttrt, 
and vtfvot. 




* ^ . ■ 

F^ toUor throutk^tlio oifo of tlio 
fittint* Mon i milniKHit rinf of 
toldor MOOift at tho mii of fittinit^ 
tht joint it eooilott. 




Figure 64. Solderitig Copper Tiibisig 



OXYACETYLE^ COiCSUStZON 



The aame of a tiydrocarbon torch wUl not hMt tht Imm mttmi hot enougb for somt 
soldf ring jobs. Therefore, when eUver soldering, it u ueuaiiy best Co use en oxyacety- 
iene flame. The ozyacetylene flame is derived from burning pure acetylene in the 
presence of oxygen. By using oxygen and acetylene, it is possible to obtain a flame. hot 
enough to melt all commercial metals. 



ODcygen 

Oxygen is a very common element and one ve come in contact with daily. For 
example, water U about 88 percent oxygen, tl» air we breathe is approximately 21 , 
percent oxygen, and the earth is composed largely of oxides which are compoixids of 
oxygen.-^ Most of gxygen that is used commercially is obtained from the air. This is 
accom^iished by freezing the air at -317°F which separates tbs oxygen from the Qitrogen 
and other gases. 

Although oxygen will not bum, f t a\ippoits combustion very actively, more so than 
air. Thia characteristic of oxygen makes it desirable to use with acetylne for braxing 
and soldering. , \^ 

Acetylene ' 

t y . • - 

. Acetyleii'e is the fuel^gas of the oxyacctylene flame. R is produced by dissolving 
calcium carbide in water. Calcium carbide is made by fusing limestone and coke in an 
electric furnace. - ^" 

Acetylene is not , an ordinary gas. It has characteristics peculiar in itself. 

It contains about 93 percent carbon and about 7 percent hydrogen. When burned in 
the presencTB of pure oxygen, it bums at a temperature of 8000°F. Acetylene not only 
develops a large antihunt of heat, but also releases the he«t units so rapidly that the 
highest temperature of the flame is produced almost instantly. At pressures greater 
than 15 psi, acetylene is unstable and may split up or disassociate. When pressure 
causes, the gas to split up or decompose, this disturbance of the molecule releases 
heat until an explosion of the gas is produced. 

/- 

It requires two and one-half (2-1/2) parts of oxygen to consume completely one 
(!) part of acetylene. It is not necessary, however, to supply all this oxygen through 
the torch, because a portion of the oxygen is derived from the air surrounding the 
flame. The torch is designed to st^ly one (1) part of oxygen to every part of acetjgene 
that passes through it. - 

Types of Flames ^ 

The oxyacetylene torch will' produce three different types of flames. The 
refrigeratioo specialist should be able to identify each of these flames ai^ be able to 
adjust the regulators and torch to produce the type of flame required for each 
application. 
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tsNitos iliicid to protict waits vtit 



iSr ^ 



f/2 Inch 



eii«ck jaiati for profiir di^th. ^ Typing ' 
jolnti ttP to 7/IS of an inch in diMct«r 
thQuU dfith iQyi! to ottttido tflM- 
•ttr of tttko* Tylinf Jointt frtitor than 
7/16 of «ft Inch tn dliMtor thoyld hivt 
dtpth of 1/2 inch. 




novo torch to distfibytt htit ovtnSy on 
fittinf* This ^rovtnts ovorhoating of 
I «r«a of f i Ittng. 




Protect v«Wts and oth«r fittingi froa 
fstroM toworatyrot. vraf a cloth 
tatyratod in cold watar croynd stction 
of tukinf NitwMn Joint and valva* Thta 
ifOv«nta htat travaling to vaiva* 



NIOUS LEAKY JOfNT 




Oo not usa si Ivor soldar ovar toft 
foldar. it makaa a ^Ksroya, laaky joint. 




6 

frotaet naarby aof t-^toldarad Jointi ^an 
aakinf a ilvor^toldarad joints. Rag or 
waata a^tyratad with cold Mtar prtvants 
haat travaling to naxt joint. 



Figure 65, Precaution for Soldering Copper Tubing 
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NEITTRAL FLAME. Wh« this cs3fgtn and acetylene arte equaUy mixed, a neutral 
flame results ^ee figure 66). A neutral flame i» usually used for welding and cutting. 




N«utr«l FlAm 



Ktddlih Fgrpit 



Mtil U el CM And 



Figure 66. Neutral FUune 

CARBURIZXNG FLAME. The caxburlzing or excess acetylene flame (figure 67) 
contaiiu exceai carbon. This flame is usually used for heating metal for soldering 
and brazing. 

OXIDIZING FLAME. The oxidizing flame (figure 68) results from an excess of 
oxygen. We never use the oxidizing flame in refrigeration. It is sometimes used by 
welders to meU rivets. 




•rburix&aff fiime 



Srtan FIm« 
Too auch icatylene 



not citar. 



Oxidisinf flan* 
L«ss luMfnoiis 



W Coflt 

Qxyotn ^ 



Exc«ftsiv« foiaiAf Md 
ftptflcinfi of Mtal. 



Figure 67. Cax'burizing Flame 



Figure 68. Oxidizing Flame 



OXYACETYLENE EQUIPMENT 

The major items of the oxyacetylene equipment used in soldering are oxygen aiKi 
acetylene cylinders, oxygen and acetylene regulators, gages, hoses, and torches (see 
figure 69). Knowledge of all these items will aid you in becoming not only a good 
mechanic but a safe one as well. 



65 



51 



a. Acetylene Cylinder Valve Wrench 

b. Torch Tip 

c. Regxiiator Adjusting Screw 

d. Cylinder preuxire Gages 



e. Oxygen Needle Valve 

i. Oxygei Cylinder Hand Valve 

g. Regulator Oitf let Presilure Gage 

h. Acetylene Needle Valve 



Figure 89. Id^tifylng Acetylene Equipment 



Oxygen Cylinder* 

Oxygen is stor«d in cylinders of ■•uaiass atecl inada to withstand 
high prassura. The initial charging prassura of thasa cylindars at the 
plant is 220O pounds per square inch at 70° F. Os^gan, lika other gasas , 
expands as it beccsiaes heated. Oxygen cylinders have a bursting disc on 
tha cylinder valve that will burst, should the pressure in the cylinder 
becoma too high. 

Acatylana Cylinders 



There ara several types of acatylana cylincUrs on tha market. All are 
made in accordance with specifications sat up by the Interstate Coanarca 
Commission. The acetylene cylinder is filled with porous material %rtiich 
absorbs acetone. Acetone in turn has tha proparty of absorbing many 
times its own volume of acetylene gas, thus the actylana is not in a 
free state and is knoWn as dissolved acetylene. Under such conditions, 
acatylana can safely be compressed to a prassura of 250 p.s>i> et 70 F. 
Acatylana cylinders have fusible plugs which malt when pressure luid 
temparature become too high. 

Oxygen and Acetylene Regulators > * 

The primary purpose of the regulators is to reduce the high prassura 
of tha gasas in tha cylindars to the desirad working prassura at the torch. 
Regulators also perform tha function of maintaining a constant pressxire 
in order that the flaiM naiy be perfectly steady and uniform. 
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Mo«t rfful»tor« art elUicr of ibt iiaglt-4Uge typt or thd two-«tag« typ«. Sisglt- 
ttagt rtfttUtori r«duc« Ch« prtuurt in om ittp or fUgt, while the.two-iUge rtgulaton 
perform OOs Mmt mork in two ftcpi or ^tgM. Ltat »4iustJ&eiit i« gontnOly ntcteisry 
whm th9 eyliadtrs arc bciiif ustd with two-aUg* reguUtor*. ^ 

Rtgulatora should always be tumad off before turning on high-preaaure gaaea to 
prottct th« ra gutator valv« aeats. 

Gagaa art parta of the regulator aaaembly. There ia one high -pressure and one 
low-preaaure gage for eacty aaaembly (aee figure 69). The high -pressure gage^howa 
the preaaure of the oxygen or acetytene in the cylinder. The low-pressui^e gage indicates 
the working pressure at the torch. 

Hoses 

The hoses that connect the regulator to the torch are built to withstand high internal 
pressure. The red hose has left- hand threada and is connecti^ to the acetylene - 
regulator. The green hose or black hose has right* bai^ threada :^uid ia eomeeted to the 
oxygen reguUUor. ' % 

« 

Torchek 

' The torch is the unit used to mix the oxygen and acetylene in the correct proportions 
and to help control the volume of these gases burned at the tip. The torch handles are 
designed with two needles valves, one for adjusting the fl5w of acetylene and the other 
for a4i\isting the flow of oxygen. 

There are two general types of torches, the low pressure or injector type and the 
medium or balanced pressure type. In the low pressure type, the acetylene may be used 
at less than 1 psi. ' 

In an injector type torch, a jet of high preaaure aB^gen is necessary to produce a 
motion effect which draWs in the required amount of acetylene. This is illustrated in 
figure 70. In the medium pressure torch illustrated in figure 71 the acetylene is 
operated at from 1 to 15 psi. These torches are designed to operate at equal pressiures 
of acetylene and oxygen. You will use this type of torch in this course. 





Figure 71. Mec^um or BjilaAced Type Torch 

Torch tips * ' - 

Various brazing and soldering jobs require diifi^rences in the total amount and con- 
centration oC heat. To obtain this difference, most torches have several tips of various 
sizes that can be exchangetl conveniently and quickly. 

The torch tip sizes are designed by numbers and each manufacturer has his own 
arrangement for classifying them. The manufacturer's charts shoul(|f be used when selecting 
tips for different thickness of metal to be soldered or brazed. 

Proper tip sizes and working pres^uries for the balanced- pressure type torch 

Tip Size Acetylene Pressure j Oxygen Pressure 

00 ' 1 psi X nsi 

0 1 psi % 1 psi 

«1 1 psi c« 1 psi 

2 2 psi ' 2 pal 

3 ^ 3 psi 3 psi 

4 4 psi 4 psi 

5 • 5 psi 5 psi 

6 6 psi 6 psi 

Torch tips are made of copper or copper alloy and are made so that they seat well 
when tightened hand- tight. Torch tips should not be rubbed across abrsisive firebrick or 
used as tongs to position work. When torch tips become clogged, they must be cleaned with 
torch tip cleaners. Care should be exercised in cleaning tips so that the orifices are not 
enlarged. A partially clogged tip can cause poppii^^ the torch. 

CAUTION: Failure to tighten the tip in the handle or a scratched seat 
can result in a flashback (burning of acetylene where tip screws into 
handle). 

Inspection and 'Maintenance 

Oxtyacetylene equipment has been designed to operate without lubricants. Visual 
inspections for wear, leaks, and malfunctions shcHild tie miide each time the eqtilpment 
is used. It is most important that equipment be kept clean at all times. The presence 
of grease or oil with oxygen under pressure will cause spontaneous combustion. If 
troubles do appear in oxyacetyfene equipment, consult TO 34W4-1-5 for corrective. measures 
to be taken. 
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SAFETY PRECAUTIONS WHEN USING OXYACETYLENE EQUIPMENT,: 

An impoT^nt thing for one to reinemb«r wh^ performing an actiyUy is to work ' 
SAFELY. The oxyacetylene equl^ mei^ is not hazardous, but it must be remembered ^ 
that the mechanic is working wth gases (tf high pressure and the hottest flame kmrirn to 
man.' In view oi this, certain precautions are necessary for safety. The following are 
precautions that a mechanic should know so well that they becon^e automatic in his actions. 

■ . 

1. NEVER use oil on oxyacetylene equipmei^. Oxygen uncter pressure is lilwly 
to cause an explosion if it comes in contact with oil or grease. H the threads 
of a connection will not work smoothly, merely rub the lead of a {iNencil on the 
threads. Sufficient granite will be dep<»ited to provide lubrication. 

2. Wear suitable clothing. Cloth^ should be frde of oil and grease. If * 
clothing -is of the type ^at will burn readily, use a leather apron. 

3« Call oxygen by its proper name. Do not refer to oxygen as air, for if used 
in iilace of compressed air on oil or grease, you may cause an explosion. 

4. Do not refer to acetylene as gas. Refer to it as acetylene. 

5. Do not release oxygen or acetylene in confined spaces. This sets up not only 
a fire hazard but an explosive hazard. 

6. Wear proper goggles. Adequate eye protection should be afforded at all times, 

7. ' Do aot use acetylene at pressure greater than 15 p. s, iJ Acetylene gas# 

dissolved in acetone and contained in an acetylene cylinder, tends to disin- 
tegrate and an explosion may result* 

8. Use a friction lighter to light the torch. Although the torch can be lit with 
a match, serious burns can .result. 

9. Do not use cylinders for supports or forming dies. 

10. Never lay the torch down and walk off, leaving it burning* 

11. Do nc£ burn the place down. Torch In careless hands can be dangerous. Do 
not turn your hose or your buddy. Be careful and use common sense with a 
ligh.ed torch. 

12; Do not work on containers that have been used to hold gas or combustible ' 

materials. If it is necessary to braze a container that has contained combusti- 
ble materials, steam- clean it thoroughly and drift dry nitrogen thrcMigh it dirlng 
the brazil^ process* 

13. Do not store oxygen with acetylene, propane, gasoline, or other fuels. 

Never transfer acetylene from one cylinder to another. 

15. If you should start a fire, shut off your acetylene cylinder before doing anything 
else. 
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16. Should a .flashback occur, shut off the acetylene cylinder and if necesBaryi 
increase the oxygen to the tip. 

" ' .■ ■ i 

SUMMARY . . 

The ease of handling arid high heat concfcictivity makes copper tubing highly desir- 
able for use in refrigerations systems. Copper tubing is divided into five different 
types; however, the refrigeratitm specialist usually uses only one type and that is 
refrigeration service. 

There ^re two main types of fittings used in refrigeration work, These are the 
flare and sweat types. The flare type is used where* there may be a reason for opening 
the line at some future date, llie pweat type fitting is usually cheaper and easier to 
install so they shoixld be used wherever possible. 

Q UESTIONS 

1. V/hat temperature ranges zre required for the following? 

a. Soft solder 

b. Silver solder 

2. How many parts of oxygen are required to consume one part erf acetylene? 

3. What are the three types of oxyacetylene flames and how can they be recognized? 
4- What temperature is attainable with acetylene flame? 

5 , Oxygen is stored in cylinders at what pressure ? 

6, Acetylene is stored in cylinders at what pressure? 

7. What are regulators used for? 

8. What is the maximum working pressure for acet/.ene? 
REFERENCES 

1. TO 34W-4-1-5, Welding - Theory and Application 

2. Prest-o-lite Bulletins 9514-3, F-9061-G, and 92995-D 
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PURPOSE OF STUDY GUIDES, l^gRKBOOlCS. PROGRAHMED TEXTS AND HANDOUTS 

Stuc^y Guides, Workbooks, Prograained Texts and Handouts are training 
publications authorized by Air Training Coflwand (ATC) for student use In 
ATC courses. 

The STUDY GUIDE (SG) presents the Inforniatloft you need to complete 
the unit of Instruction, or makes assignments for you to read In other 
publications idilch contain the required Informatlon- 

The WORKBOOK (WB) contains work procedures designed to help you 
achieve the learning objectives of the unit of Instruction. Knowledge 
acquired from using the stu^y guide will help you. perform the missions 
or exercises, solve the problems, or answer questions presented in the 
workbook. 

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material 
under one cover. The two training publications are combined when the WB 
Is not designed for you to write In, or when both SG and W6 are issued 
for you to keep. 

The PROGRAMMED TEXT (PT) presents Information in planned steps with 
provisions for you to actively respond to each step. You are given 
innedlate knowledge. of the correctness of each response. PTs may either 
replace cr augment SGs and WBs. 

The HANDOUT (HO) contains supplementary training materials in the 
form of flow charts, block diagrams, printouts, case problems, tables, 
forms, charts, and similar materials. 

Training publications are designed for ATC course use only. They 
are updated as necessary for training purposes, but are NOT to be used 
on the job as authoritative references in preference to Technical Orders 
or other official publications. 
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V'B 3ABHS4S30-I-2-P1 
April 1975 

LOCATING SPECIFIC INFORMATION IN AFR 127-101, 

OBJECTIVE 

To be able to use AF Safety Piiblications and find selected information. 
INSTRUCTIONS TO STUDENT 

Listed below are six (6) incomplete statements taken from AFR 127-101, Industrial 
Safety Accident Prevention Handbook. Using the alphabetical index in the back of 
AFR 127-101, locate and record the missing information and specific paragraph number 
in which you fotind this information. 

1. Accidents do not happen without 

2. The largest percent of all Air Force ground accident fatalities can be attributed to 



3. Personnel working with or near machinery will not wear loose clothing, 

or that may become tangled in revolving parts of machinery. 

4. When using the abrasive grinding wheel, the tool rest will not be more than 
^Inch from the grinding wheel. 

5. Recommended weights which are considered within the safe limits for male and 
female workers required to perform continuous or repetitive lifting in compact 

forms are pomds for male workers, and pc»mds 

for female workers. 

6. Most drill press injuries are caused by drills 

or flying out of the spindle. 

Have the instructor check your work. 

Checked by 

, tostructor 
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What is the purpose of the 15^ angle on the box end wrenc>?^ 



Tool 
No 


Name 


' 3ize 


Application 
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Portable and Installed Shop Equipment 

1. Identify the parts of the drill stand assembly by writing in each circle the letter 
opposite the name or the unit (figure 1). 

2. What is the purpose of the key -type geared chuck? 
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A. Guard 

B. QuUl 

C. Lower table 

D. Table 

E. Chuck 
F- Pointer 



G. Feed lever 

H. Motor 

I. Base 

J. T^le clamp 

K. Column 

L. I^pth stop 



M. Quill lock 



Figure 1 

3. Why should the pressure be eased just before drilling through a piece of metal? 



4. List two safety precautions to follow when using the drill stand. 
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IDENTIFYING COPPER TUBING 

OBJECTIVE 

When you have completed this project, you will be able to ider^ify the different 
types of copper tubing, as to sizes, appUcatiiOd and color codes. 

1. The tubing samples on the bench are numbered. Identify each sample by writing 
the type, size, and color code opposite the number that corre^nds to the tubing 
sample. Under application lilst when, or where the tubing should be used. 



Sample 
No 


Type 


Color 
*;ode 


Size 


Application 


1 








































2 








































3 








































4 
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Sample 
No 


Type 


Color 
Code 


Size 


Application 


5 



















































2. Refrigeration tubing is sized by 



Checked by 

Instructor 
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CUTTING AND BENDING TUBING 

OBJECTIVE 

After completing this project, you should be able to cut and 4)end copper tubing. 
CUTTING 

1. Select a roll of 3/8 -inch copper tubing. 

2. Unroll approximately 2 feet of the tubing. j 

3. Measure and mark the tubing 8 inches from the end. 

4. Install the tubing cutter so that the cutter wheel is over the mark. 

5. If a tube cutter is not available, what may be used to cut the tubing? 

6. Tighten the cutter wheel slightly {1/4 turn) against the tubing and revolve the 
cutter slowly around the tubing. 

7. Continue revolving cutter, tightening slightly (approximately 1/4 turn) after each 
tu:-n until the tube is cut through. 

CAUTION: Be careful not to drop tlie cutter and tube when the 
, cut is completed. 

8. Remove the cutter and Insert reamer in the end of the tubing. Revolve tte reamer 
until the burr is removed from the inside of the tubing. 

9. Inspect the tube. If it is still rough on the end, smooth it very li^tly with reamer. 

NOTE: The reaming procedures should be done with the open end of the tube 
pointing down so the filings will not fall Into the tube. 

BENDING TUBING 180O 

1. Measure the exact center of the piece you have cut off and mark. It should be 
4 inches. This is known as the "Cei^er Mark. " 

2 To make a 180° bend and have the legs of the bend the same length, measure back 
to the left of the Center Mark 15/16 of an inch and mark. This Is known as the 
"Start Mark." 

3. Select the correct tube bender for 3/8-inch tubing. 



9 



4. Find Uw radius of the mandrel (thai part of the bender which the tubing is bent 
around). Locate the "R** Index mark on the top handle of tube bender and the 
"O" Index mark on the mandrel. 

5. Insert tubing into bender, making sure long part of tubing extends to your right. 
Place tubing lock on tubii^. 

6. AUne "R" Index mark on tube bewier handle, Start Mark on tubii%, aind "O" Index 
maHc on mandrel. 

7. Bring handle down unta "R" Index mark and 180° Index marks are alined. 

8. Remove tubing from bender. 

9. Check the bend for accxiracy. 

10. Have the Instructor check your work. 

11. To make a 90° bend, foUow above procedures, except step 3. Measure back 1/4 
inch from Center Mark and nuurk your Start Mark. When making 90° bend, bring 
handle down until "R** ami 90° Index marks are alined. 



Checked by 



Instructor 
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IDENTIFYING REFRIGERATION FITTINGS 

OBJECTIVE; Wh«n you have compltttsd this projeof , you should be able to 
identify refrigeration fittings by type, sise, a^id material f know how to 
determine the size of refrigeration fittings? and' be able to match 
coCTionly used refrigeration fitting^ I 

IDENTIFVING REFRIGERATION FITTINGS 

1. Identify the following illustrated fittinaa by writing in the correct 
nomenclature in the spaces provided. 

Exaisple: 

a. Fitting, refrigeration, brass, 

r 

b. Fitting, refrigeration, copp«r, 



c. Fitting, refrigeration, brass, 



1/ 2" onl 



1/?" OP 



d. -Fitting, refrigeration, brass. 



e. Fitting, pipe, 



f. Fitting, refrigeration, copper 



g. Fitting, refrigeration, brass. 
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h. Fittiog, refrigemion, brass, 



i. Fitting, refrigeration, copper, 



] 



1/2" ID 



1 



□ 

1/2 



' ID 



j. Fitting, pipe, 



1/2" ID 




1/2- ID 




3/4" ID 



2. Identify each of the numbered fittings op the fitting ring, (furnished by instx'uctor) 
and record the s^jplicable information in the following blanks. 



lumber 


Nomenclature 


^ ^ 

Material 


■ 1, 






2 






3 




* 


4 






5 




' ' \ • 

/ 


6 






7 






8 






9 






10 


... ^ 

\ 





1 



12 SJ, 



Number 


Nom«aclatur« 


Material 


11 




r 


12 


_ 




1 1 

10 


~- 










1 3 1 






. V 

10 






1 7 

1 1 






lo 






1 Q 
















- - — j — 


90 




i 

1 — 






i 
I 












- 


9A 






97 

£ 1 






9ft 






29 




—k ' ' ■ 


30 






31 
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Name the three main types of refrigeration fittings. 

a. — 



c. . 

Name the two types of flare nuts. 

SI' ^ 

b. ^ 

How are sweat fittings measured? 



Checked by 



Instructor 

/ 
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6. Tighten T -handle 3/4 turn moving the flAriag face into the end of the tubing then 
loosen, continue this procedizre until the flare is completed. 

7. Remove the flaring yoke. 

8. Loosen the wingnuts and remove the tubing. 

9. Have the Instructor check your work p 



10, To fabricate a flare on the opposite end of the 90^ bend, follow the above 
procedures. 



Swaging Copper Tubing 

1. Ream both ends of the 180^ copper bend. 

2. Insert one piece of the copper tubing in the swaging block as Illustrated in figure 4. 



Checked by 



Instructor 




Figure 4, 



Swaging Block 
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FLARING AND SWAGING COPPER TUBING 



OBJECTIVE 



This project will aid you in gaining practical experiem^e in flaring and swaging oi 
copper tubing. 

Flaring 

1. Remove the burrs from one end of the 90^ bend, 

2, Place a 3 8 -inch flare nut on the tubing. 

3 Place the tubing in the flaring block (see figure 2). 



THE lEVCL 




! - Flare Block 



Tub i 



4, 
5. 



Figure 2. Tube Installed in Flare Block 

NOTE: The tubing should extend above the flaring block a distance equal to the 
depth of the beveh 

Tighten the wirignuts on the flare block as tight as possible with your fingers. 
Insert the flaring yoke over the Hare block {see figure 3), 



C 1 a»p 




Figure 3. Flaring Yoke 
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3. Incert the proper size iwaging 
tool ill the tubing, *» iUustrated 
ia figure 5. 

4. Use light strokes with a ball-peen 
hammer and drive the swaging tool 
into the tubing. 

NOTE: The swaging tool should 
be turned slightly alter each 
stroke. 

5* Remove the swaging tooL 

6. Remove the tubing from th^ swaging 

block, 

7. Have the instructor check your 
work. 

8. To fabricate a swage on the oppo- 
site end of the 180^ bend, repeat 
steps 2 through 7. 



Checked by 

tnMructar 
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SOFT SOLDERING ^ 
OBJECTIVE: To be able to soft solder a sweat fitting. 

4 

SETTING UP AND LIGHTING THE TORCH 

!• Connect r€g\iUUor (B), figure 6, 

to the tank* Tighten the nut securely 
with a wrench. 

2. Connect hose assembly (C) to the 
regulator and handle. 

3. Connect the correct size torch tip 
(D) to the handle. Tighten the lock- 
nut finger tight only. 

4. Open the tank ^b.lve 1/4 turn. Use 
a tank key and leave it on the tank. 

5. Set the pressure adjusting screw 
for the approximate pressure desired. 

6. Light the flame (use a friction 
lighter). 

7. Readjust the regulator pressure Figure 6 
adjusting screw to get the desired 

flame size. 

8. To shut off the torch, close the tank valve, 
PREPARING COPPER FOR SOLDERING 

1. Thoroughly clean both surfaces. 

NOTE; Metal surfaces must be very clean be&^re they will soft solder correctly. 
The surfaces should be cleaned with steel wool or fine sandpaper. Hough sand- 
paper or a file may cut into the metal and cause a weak joint. 

2. Apply a noncorrosive flux (salve type) to cleaned area. 

CAUTION: This flux is ^ry irritating to the eyes. Do not rub your eyes with 
fingers after getting flux on them, 

NOTE: Do not apply the flux too thickly as excess flux may form bubbles when 
heated and prevent the solder from flowing into the joint. 

3. After the tube has been inserted into the fitting, revolve it once or twice to spread 
the flux evenly. 




TI.0J1 
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4, Light the hydrocarbon torch and adjust flame for soft soldering, 

5, Apply the flame to one sida of the fitting. 

6, Occasionally test the heat by touching the fitting with the solder. 
CAUTION: Oo not let the flame touch the solder. 

7, Remove the flame and apply solder to the opposite side of fitting from flame* 
NOTE: The metal must be hot enough to melt the sokier. 

S, Tiirn off the hydrocarbon torch. 

NOTE: Most beginning personnel have a tendency to use too much heat and too 
much solder. 

CAUTION: Lift hot tubing with pliers and cool in water bucket on the workbench. 
9. Have the instructor check your work. 

Checked by 

Instructor 

10. The instructor will have you cut your completed joint to check the condition of the 
' soldered surfaces. 



\ 
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HARD SOLDERS^ 
OtJECTiVE. To be able to hard solder a sweat fitting. 

SETTING UP AND LIGHTING THE TQRCH 

1, Connect regulator (a) , figure 7,, 
to the tank. Tighten the nut 
securely with a vrench. 



2. 
3. 

4. 

5. 

6. 



Connect hose asiembly (C) to the 
regulator and handle • 

Connect the cflltrect eiz^ torch 
tip (D) to the handle. ^Tighten 
the locknut finger tightly only. 

Open the tank valve 1/4 turn. 
Use a tank key and leave it on 
the tank . 

Set the pressure adjusting screw 
for the approximate pressure 
desired. 

Light the flaiae (use a friction 
lighter) . 




Figure 7 



7, Readjust the regulator pressure adjusting screw to get the desired 
flame size. 

8. To ^ut off the torch, close the tank valve. 
PREPARING COPPER FOR SOLDERING 

1. Thoroughly clean both surfaces. 

NOTE: Metal surfaces must he very clean before they will solder 
correctly. The surfaces should be cleaned with steel wool or fine 
sandpaper. Rough sandpaper or a file may cut into the metal and 
cauM a wttak joint. 

2. Apply a noncorrosive flux {paste type) to the cleared areas. 

CAUTION; This flux is very irritating to the ey^s. Do not rub your 
eyes with fingers after getting flux on them 

3. After the tube has been inserted into .the fitting^ revolve it once 
or twice to sp'^^^d the flux evenly. 

r 

4* Light the hydrocarbon torch and adjust flame for hard soldering* 

5. Apply the ?lame to one sidt? of the fitting. 

6. As the copper fitting begins to turn cherry r€^d^ touch the hard 
solder to the fitting on the opposite side from the flao^. 



ERLC 



CAUTION: Oo not lat the flasw touch tha sold«r. 
hot enough to melt the solde^. 



The metal must be 



7 Turn off the hydrocarbon torch, 

CAUTION: Lift hot tubing with pliers and cool in w*t«r on workbench. 
8. Have the instructor check your work. 

Checked by ^ 



Instructor 

e. The Instructor will have you cut your completed joint to check the 
condition of the solder surfaces. 



I 
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ALUMINUM BRAZING 
OBJECTIVE; To be able to aluminum braze a sweat fitting. 

1. Secure enough aluminum tubing from the roll provided to make six swage 
ccamections. ^ 

2. After making the swage connections, thoroughly clean the contacting surfaces. 

3. Insert the male fitting into the swage after fluxing. 

4. Light the hydrocarbon torch and adjust to a soft flame. 

5. Apply the flame to the swage joint insuring tha* you keep the torch moving around 
the joint. 

6. As you apply the heat, place the aluminum bracing rod slightly above the top of the 
swage joint until the swage has received all the measured amount of melted rc^d. 

7. Turn off the hydrocarbon torch, 

CAUTION: Use pliers to handle hot metal, cool it in the water bucket provided. 

8. Cut the completed joint with a hacksaw and check for: 

a. Penetration 

b. Oxidation 

9. Have the instructor check your work. 

Checked by 

Instructor 
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IDENTIFYING OXYACETYLENE EQUIPMENT 

OBJECTIVE 

To be able to idenUfy oxyacetylene soldering and brazing equipment. 
IDENTIFYING UNITS 

Identify the parts of the oxyacetvletw assembly below by writing In each circle the 
letter opposite the name of the unit (there are two of some items). 




A. Acetylene Cylinder Valve Wrench 

B. Bk)woff Valve 

C. Torch Tip 

D. Adjusting Kev 



E. Cylinder Pressure Gages 

F. Oxygen Needle Valve 

G. Cylinder Hand Valve 

H. Regulator Outlet Pressure Gage 

I. Acetylene Needle Valve 



Figure 8. Oxyacetylene Equipment Assembly 



Fill in the spaces with the required information. 

a. A; full cylinder of oxygen should have a pressure of approximately 



b. A full cylinder of acetylene should ha^e a pressure of approximately 
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What type of oxygen and acetylene regulators are furnished? 



^ — 1 

What material is used in the constructioit^of the torch head and valve body? 



All oxyacetylene apparatus and regulators must be free of 



and 



J 
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PREPARING OXYACETVLEUE EQUIPMENT FOR USE 

OBJECTIVE: To be able to use safety precautions when handling oxyacetylene 
equipment' set up and assemble oxyacetylene equipment, and light an 
oxyacetylene torch. 

REVIEWING SAFETY PRECAUTIONS 

Study the following safety precautions and observe them as you 
progress with the steps of this workbook. 

Refer to oxygen and acetylene by their proper names. 

2. Do not use cylinders for supports. 

3. Use cylinders in an upright position only. 

4. Never use oil or grease on oxyacetylene equipment* 

5. Provide for adequate ventilation. 

6. Do not release oxygen or acetylene in confined spaces. 

7. Do not use acetylene at pressures higher than 15 p.s.i, 

8. Turn off regulators before^ turning on gases from cylinders, 

9. Close cylinder valves when leaving for a., extended period, 

10. Use a friction lighter to light torch, 

11. Never leave a burning torch unattended. 

ASSE>TflLy OF EQUIPMENT 

1 Place the oxygen and acetylene cylinders at the end of the workbench 
wit.^ ^he acetylene in front of the oxygen {see figure 9). 



2. Cham the cylinders separately 
as illustrated in figure 9. 

3. Remove the cylinder caps (see 
figure 9) from both cylinders. 

NOTE: Tight caps may be freed 
by lightly tapping. 

4. Check outlet of both cylinder 
valves for dust or foreign 
particles. If present, remove 
with a nontmetallic brush - 

5. Attach theVpxygen and acetylene 
regulators to their respective 
cylinders (see figure !0). 




Figure 9. Securing the Cylinders 
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NOTE; 'Tha oxygen regulator 
connection has right hand 
threads, and the acetylene has 
left hand threads. 

Secure the nuts with the wrench 
provided with the kit. 

Attach the oxygen and acetylene 
hoses to the outlets of their 
respective regulators (see 
figure tl), 

NOTE: The oxygen hose connection 
has right h^nd threads, and the 

acetylene has left hand threads. 

Attach the torch handle to the 
hoses (see figure 12). 

REMEMBER: Oxygen connections 
have right hand threads and 
acetylene has left hand threads* 

Attach a tip to the torch handle 
{see figure 13), 





Ficrure 10. Attaching Regulators 




Figure 11, Attaching Hoses 




Figure 12. Attaching Handl« ' Figure 13, Attach Tip to Handle 

TESTING EQUIPMENT FOR LEAKS 

1. Close torch handle valves, open cylinder valves, and turn the regu- 
lator handles to the right to allow a little pressure to build up. 

2. Test all-jdints for leaks with soap and water {see figure 14 ). 
NOTE: Leaks can be detected by the appearance of bubbles. 

3. • Stop all leaks before going any farther. 



ERIC 



26 



Figure 14. Checkinnr for Leaks Figure 15. Lighting the Torch 

LIGHTING TORCH 

1. Adjust regulators to indicate pressures of 1 p*s,i. above tip size. 

2, Open the torch handle acetylene valve approximately 1/4 turn. 
3- Open torch handle oxygen valve ^ipproximateli^ 1/8 turn. 

4. Light the gas flowing throuQh the torch tip (see fiaure 15). 

5. Open the acetylene valve until the base of the flame leaves the 
tip 1/16 inch.' 

6. Slowly open the oxygen valve until a neutral flame is obtained, 
SHUTTING OFF THE ACETYLENE TORCH 

1, Shut off the acetylene torch valve. 

2. Shut off the oxygen torch valve, 

3- Close the acetylene cylinder valve. 

4. Open the acetylene torch valve allowing the acetylene to escape from 
the regulator and hose. 

5. Turn the acetylene regulator adjusting screw counterclocicwise until 
it turns easily. 

6. 'Close the acetylene torch valve. ^ 

7. Close the oxygen cylind^er valve. 

Open the oxygen torch ^Ive allowing the oxygen to escape from the 
regurator and hose. 

9. Turn the, oxygen regulator adjusting screw counterclockwise until it 
turns freely , - - 

10. Close the^ojcygen torch valve- 

11. Coil the hose^ and hang it and the torch on ' the hook and rack provided 
for that purpose^. ' 

Checked by ^_ 

^ Instructor 
27 
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OBJECTIVE: To able to 11^, and adjust the axyaeety|ei.e torch; and to silver braze 
sweat fUtiogs. i • ' ' . 

1. , Secure enoufh tubing Iropi the tut^ng barrel to make six swage cwjneetioiis. 

2. After makliigthe s^age connectioiis, thprou^y clean the contacting surfaces. 
S. Apply a. silver solderfU^ fljuc to the male fitting. - 

4. insert the nude fating into the swage and^'^evolve it once or twice to spread tjfie flax 
. evenly. 

. ■' ' ' \^ 

5. . Light the oxyacetylene torch and acQust to z (»rbttrizing flSupe. ^ . ' ^ 

6^ ^ Apply ttie flame evenly to one idde of the swage' bringlI^E it to a cherry red. 
> NOTE: Silver%plder melts at ^temperature <i 1000^ to 1150° F. 

7. Apply ttie 8(Ader to the top of tbe £Uting oiHfae opposite sice ircm flame while 

h ap^^^tng heat near the bottoal of the swage. 

.' ' * ' . * 

NOTE: H ttie heat is applied near &e b(^pm of Qie swage, the soTder will be 
drawn to the bottom. 

. • .' ' ■ ' ^ ' • . 

8, Turn off the pocyacetylene torch. 

CAUTION: Using pliers to handle hot metal, cool' it in water backet. 
Cxit tht completed ji/^witt a hacksaw ^^Bck for: 

a. Penetration 

. ' " y \ . ' ■ 

b. Excess flux ^ / * * 

c. Qsidatlwi' ^ ' 

. . -. ' * ■. 

d. Excess solder ' 
10. Have the instructor cheek your woric ' , 

• f ■' ,■ y ■ 

Recked by 

, r ' ' ' ' • 97 



Instructor 
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; SOfSniR BRAZING USPIGSIL*K38S . 

OBJECrfvi:: To bt i^lc to •Ut«p ■older a nrait fitting. 

U 'S«ciir« Moufli tvbli« 6^ tbt bwreUo nakc lis iwagt eaiu^ 

NOTB: SU-FoM Mldfrliv rod cooUiBS its 01111 flux aai clM&iiig 
Tht hiblof doM sot hav« to bt cU«Btd or fiuxad. 

2. iM«rt tiM inmlc fitting into tht swaff«. " 

m 

3. Ugbt th« oaEfaectylm torch and ad|uft to a carburising 

4. Apply tte nasw mnly to om aldt of tht amgo, ;bringbig it to a ibtrry, r«i. ^ - 
NOTE: *Sil-Fosf • older ing rod metta at a tamparature of ardnnd 1250° F. 

5. Apply tha Jlw aoldt r rod to tht top of tha mting on tha ora»aita>aide from flame, - 
wiiilc applying haat near tlia bottom of tha s^i^C*' 

NOTE: If tha haaJ^ ia a^Uad near th* bottom of tM awaga, the soldar IWU b« 
drawn to thejK^t(»n. . - \ 



8. Turn off the oKyacetylena torch. 

' CAUTION; Uaa pHera to lift hot metal and cool in water bucket.^ 
7. Cut the completed joint with a hackaaw and check for: 

a. Penetration. \^ 

b. (Ratios 
Ezceaa aolder 



c. 



8^ Have the inatructor check your work 



% * 



Cbedced by 



buitnict^ 
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1. Electricid Principles and Circuita 



a. Using workbook and wiring trii^ner, co^ect an operative 
;jdmple circuit, consisting of a poweiUBOurce, ^protective detvice, 
swUchy lamp ahd ^ amxxieter', observing all applicable safety 
pr^tions. STS: 6d(4), 10a, 10c, 10a(lKa). 10e(2)(a) . X0ee2) 
(b), 10e(2)(c) . 10e(3), 10e(5l7lla Tieas: W, PC / . 

(1) Electrical safety 

(2) Definition of voltage and its related factors 



24 

(24/0) 
Days 6 
thruS 

(6/0) 
Day 6 



/ 

4 



(3) Definition of current and its related factors 

• ■•♦ 

(4) Definition o£ resi^ance and its related factors 

(5) 1 Sources of electrical press^^e and their requirements 

(6) Conductors, insulators and factors that sofect conSiidtors 



(7) Using &e American wire gage c^art 

(8) Effects of current * 



(9) Electrical switching and safety devices 9nd electrical 
symbols 

■ • . \ ■ 

(10) Requirements of ^jnpLe circuits' • - 
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COURff CONTINT 



b. Ufdng worid)ooks and mutliriieter, measure, voltage 
a|Eid resjlsCance on a multimeter trainer to an acetiracT of 
+5%, observing aU appUcable^'safety precautions^ 
STSj 5b, 5d, 6d(4), 10a, lOd, iOg(l> Meas-.^ W, PC 



(6/0) 
Day 7 



(1) Factors relating to magnetism 



(2) Purpose and application of the voltmeter, ammeter, 
and ohmmeter , 'J 



(3) Safety. precauUcmswhen^ using meters / 

c. ^Using workbook and wiring trainer^^ construct an 
operative series and parallel circuit. Ustag multimeter, 
apply Ohm's law and circuit characteristics to find the 
unknown factors of each cirquit, observing all applicable 
safety {Trecautions. STSz'^Sf, W(4), 10a, 10b, 10e(l)(b), 
10e(l)(c). lOgdj^ ^ Meas: W, PC f 

(1) Olyn's law and the operating characteristics of 
a series circuit 

Qtm's law and the operating characteristics of a 
parallel -^Jircuit. • 



(6/0) 
Day 8 



d. Using workbook, multimeter and electrical trainer, ^6/0) 

locate 100% of the opens, shorts and mechanical malhmctioaSj^ Day 9 
observing all applicablte safetfy precautlcms. STS: '^(4), 
10e(6), lOg(l); 10g<2), 10g(3), 10g(5) Meas: W, PC 

(1) Troubleshooting a circiijt to locate opens ^ - • . 

(2) TrpubleAootiflg a circuit to locate shorts 

(3) Tro^resliooting a circuit to locate low power and 
'melhanibal miOfunctifms ' ^ 
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StJPPORT MAT&RXAL AMD GUI9ANGE 

InMructlonal Mabtrtala ' V 
8ABR54530-n-l, Electrical Principle* and Direct Current OwJuits 
WB 3ABRS453a-n-l-Pi, IdeflOiyiiig Electrical Units and drcotts 
WB 3ABR54530-n-l-P2, Mummeter Riiadii^ 
WB 3ABR54530-n-l-P3, Wiring a SerieflTCiroolt 

WB 3ABR5453arn-l-P4, Wiring a ParaUel CircuU / 
WB 3ABR54530-n-l-P5, Circuit Analyidls 
2TPT3100<-04, Electrical Fun^a^ientals tRemedial) 

2TPX3X01-07, Ba^c Electricity, Ohm's Law, and DC Fewer s. 

2TPT31G11-08, D.C. Series Circuits (Remedial) 

2TPT3101-09, ParaUel D. C. Circuits (Remedial) * 



Audio Visual Aids 

Chart Set, Electrical Meters / . . ^ 

Transparencies, Set, Electrical Principles 
Training FUm: TF-6081, Basic Electricity 

Training Equipment V*i 
Trainer, Fundamental Electrical l^rindples (12) 
Trainer, Blultlmeter Reading (1) , ^ 
Trainer, Multimeter (12) . ' ^ . 

yralner, Electrijcal Circuits (1). 
Trainer, Electrical Circuits and Meters Reading (1) 
Bench Item, Galvanometer (12) ^ 
Bench Item, Rectifier (12) * 
Bench Item, Dynamo, Hand-Operated (12) 
Muttimeter<l) 



Training Methods ' 
Discussion/Demoiistration (8. 5 hrs) 
Training Film (0.5 hr) 

Performance (15 hrs) " ; . . * 

Mi^ltiple Instructor Requirement r 

Safety, Equipment, Supervision (2) ^ - 

fiistructiohal CSuldance , - - . * % 

Place adequate empluisls on safety precautions involved in use of electfical^ 
test equipment and on carefiil handling qf delicate and expensive test 
equipment. - , 

BGB: Two instructors required .for 12 bourf during student performance 
(4 hours in Day 7, 4^rs in I^y 8, 4 hours in Day 9). 
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2?j Alternating Cuirent Wiring Systems 



a. Using, the workbook, identify operatjLng diaract^^riatics of 
a. c. dL-cuits containing capacitance ftnd ind u c ta nce. 

STS: 10a Meas: W . / 

(1) Differences between a. c. ai^d d.c. electricity 

(2) Frequency, cycle, alternation, and sine wave 

(3) Coil inran a.c, circuit ' ^ 

/ ' ' . 

(4) Capacitor in an c. circuit ^ * 

« 

(5) Single-phase tran^oi'mers 

b. U^li^ wirihe' tz^er; conhec^ llOV, 220V.siagie-phase 
axid 220V thre^" phase components to a power supply, observing 
workbook reQiilrements and safety precautitms. STS: 6d(4), 
lOeC), 10e<5) Meas: W, PC 

(X) Wye-type three-phase transformer and the tWQ-, three-, 
and four-vire ^atem 

(2) Safety precautions perta^bigio wiring 

c. Using wiring^ trainer, install,' wiile, check and service i| • 
motet starter, observing workbook req^irements^and safety 
precautions. STS: ^(4), 10f(6) . ief(7) : X0f(8) Meas: W, PC 

(1) Purpose of the acrosa-the-line mq^r starteV 

<2) Viats of the across-the-line motor starter , 



22 ' 

a8/4) 

Days 10 
thru 12 

(6/0> 
Day ID 



(6/2) 
Day 11 



•(3/1) 
Day 12 
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d« Usiflg wiring trainer, inaUOl, wir«, check, and ser^ce (3/1) 

a motor, observiDg workiiook requirements and safety precatztibas. ' Day 12 
StS: 6d(4), iOfli), lOfig), 10f(3) . 10f(5), 211j(2), 21b(3). 
Mea^: W, PC 

^ (1) Major compon^s of motors 

(2) Principles of operatidn and application of 
electric motors • ■ " 

v(3) Maintenance of electric motors ' 

4 ■ ^ , . . \ * 

SUPl»C^T MATbTrIALS AND GinbANCE 

Studgit tosttftfetlonat Materials . , 
SG 3ABR54530-n-2, Alternating Current Wiring Syktos ' 
WB' 3ABR54530rII^2-Pl, Characteristicd of Alternating 6uTent CircuUs 
WB 3ABRS4530-n-2-F2, Checking Voltage on Tfil^ee^Phase. Transfer ^lers 
WB 3ABRp4^0-n-2-^3, Making Pigtail Splices 'y.'^ f 
WB 3ABR54530-n-2-P4, Wiring 220-Volt,' Tottr-Wire.Sy stems 
WB 3ABR54530-n-2-P5, Wiring the AcrosS-th(i-Line Motor Starter 
WB'3ABR54530-n-2-P6, Operating Characteristics and Wiring of ^ 
In,iiiction Motor • ^ * 



Akdio Visual Aids 



J 



Charts, Set, Alternating Current Generation 
Transc!arencie^,'5et, Alternating Current Wiring Systemis 

Training Efjuipment v T 

Trainer, Electric Jdotor.and Three-Phas^ W*iriQg Operation (12) 
Trainer, Moto* Starter (1?)? • ^ " ' ^ - ' 

Trainer, Motor and Motor Starter (2) /" 
Btoltimdteffs (1) . 
pehch Itetfl, Dynamo, Hand-Powered (12) 
Multimeter, Amp^Prc^e/Voltiiieter (i2) 



Training Methods 

DiacuMlion/t^emonst^atabn (11 hrs) 
Perfo rmance (7 hrs) 
CTT Assignn[ient (4 hrs) , ' 
Multiple Instructor Reijulremdi^ 
Safety, Equipment, Supervision (Z) 
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jnfltittcttooil Giiidance ' \ 

Plact adequate emiibaiu (m safety precautions involved in uae of 
electrical teat eqidpnunt and on .careful ha&dling of deUeai^ and 
expttiilfft test equipment. Outside Assignment; Day IX, dlre^ 

students to review WBs n-Sfe-Pl thru P4| Day 12i^ PS and F6. 

« - ■ • 

WSL TWO Infltructors are^req^lred fo^4 hours durix^ student performance 

in pay II, .7 ' * 
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V 3. Electrical Troubleslioottng 



a. Using workbook, multhneter and troubleshooting trainer, 
locate 100% of the opens, shorts , and low powef conditions on ti^e 
'126V single-vphase an^220V three-phase circiiits, obseMng safety 
Rrecaut^oo^. STS: 6d(4), I0e(9), lOgtD, 10g(2); lDg(3). 
Meas: PC , " 



22. 
(16/6) 
Dii>^ 13 
Ittni 15 

(6 /ay 

Day 13 



(1) Troubleshooting procedures 



(2) Safety precautions when troi^}leshooting a.c. circuits 

b. Using workbook, multimeter, and troubleshooting trainer, 
locate 100% of the^opi^ns, shorts. axKi low power coadltions on the 
208 V stngie-phase clr^cult, observing safety precautions . 

STS: II, 6d(il, 10e(6), 10g(l), ,10g(2). ieg(«). Meas: W, PC 

• . * 

(1) Troubleshooting procedures 

V e - ' ir 

V ' (2) Safety precautions when troubles hotting a. c. circrits 

c. Using workbook and wiring schematic, apply, Ohm*s law 
and circuit characteristics to determine the unknown factors. 
STS: 10e(6). Meas: W,. PC, 



. 4 



(1) Circuit cha^cferistics 

(2) Tracing line and low -voltage circuits 
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Day 15 
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. t SUPPORT BiATERIALS AND GUIDANCE 

Stttdant Inityjictlonal Materials ^ . * . 

sq3ABR54SSQ-II-3, Electrical Troubleshooting » * 

WB 3ABRS4530-IX-3-P1, Trouble^ooting Single-Phase 120 VoU Circutt 
WB 3ABR54530-n-3-P2, Troubleshooting thrse-Phase Circuits 
WB 3ABR54taO-n-3-P3| Trwb^ai^ooting 208-*V61t Single-Phase Circuits 
WB 3ABRS45S0-IX^-P4» Electrical Blueprint Rea^ng and Trduble Analy^ 
2TPT3100-06f Troubleshooting (Op«is, Shorts, Grounds and' Lew Power) 

Aadio Visual Aids 

Charts, Set,"lliitrical Troubleshooting 
• Transparen^s, Set, Electrical Troubleshooting 

T raining Equipment . 

Trainer, A. C. Troubleshooting (2) . " . 

Multimeters (2) / 

i Training Mettiods 
DiSCu»sion/Demonstrati(m (4 hrs) 
Periormance (12 hrs) 
CTT Assignmo^it (6 hrs) . 

Multiple Instructor RequE^Aent / r ' ^ ^ 

Safety, E(|uipm^nt, aiperyision (2) i . 

Tnstoictional Guidance v j 

piiice adequate em^iasis on salcit^i^ pirecautio.ns jnv^ved in thaUse of 
electrical fisst equipment. Emphiuiize ^careful hancuing of delicate aitd 
expensive t«st equipment. Outside Assignment: Dky 13, direct ^dents .o 
^ review W^s n-3-Pl; Day 14,.P2iDay 15, P3 and P4. 
' ' . '* ' . » ■ " ■ ' 

MIR: Two Instnictors are required for 9 hours dikring student periormance 

(4.5-hottrs in Day 13 and 4.5 itours in Day 14). 
'■ V'- . ^ . . . ' . " 

4. ReUted.Training (identified in course chart) 10 

5. Measurement Test and -test Critique - 2 

. *. ^2/0) 
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•* . , lEI E CTRICAL PRINCIPLES AND DIRECT' CURRENT rtRCUITS 

■•••>■ » . • • , ► ■ • 

> ^ ' SECTION I • : X 

' ' OIRECT->CURR^y ELECTRICITY 

. OBJECT^^VE f 



r 



Th 



is attidy'^ji4de will 4^id yei| in becoming fauai liar with: ^ 



* THE PklNCIPLE^ OF ELECTRI.CJTY' . ' " , 

* \THE SYIIBOLS .AND TEKMS PERTINfiNT TO ELECTRICITY 

* THE TYPES ^^D OPER^OU, OP ELECTRICAL METERS 

/ • 1SHE tYPES AND CHARACTERISTICS S^P . ELECTRICAL CIRCUITS 

. ^': ■ t 

t «' * ELECTRIC)U. TROIPLE ANALYSIS PROCEDURES - ^ > ■ 

INTRODUCTJtON , , *r • ^ •: 

•V ' stoVfor one feomerft W try\o in^gilie'that ther^is no el^^^ 
■ i around .you. What would be mi8«ing?' Ughts , fan, radio, TV, "zor , 

• ..tove, toaster, refrigerator, washing machine, teleph^jne, air conditjLoner? 
- ' 'SS u.t ieeM i»lniost endleas when.yott think of all the electrical devices 
r.tha't seem so coimaon. ' . ' - 

' ^ ■ . ■ ' 

^ Have you ever wondered just what happened when you turned on the _ 
switch? .Or, why rotUing happened when you turned on the switch? tnis 
text you will find the answers to both of these questions. 



You may question why a refrigeration specialist, studies electricity, 
Thd answer is simple. It will be your job to determine whether a 
refrigeration malfunction is caused by the refrigeration system or the 
electrical systeia. Approximately three-fourths of all refrigeration 
malfurxctions. ar^ caused by electrical troubles. Therefore, a fundament 
knowUdge of electricity will be essential in doing your jots. 

. CONSTRUCTION OT MATTUR ^ 

To understand the nature of- electricity , a discussion of matter is 
necessary. All matter, such as metals, water, rubber, and air, is. made 
of small particles called molecules, (See figure 1.) ^ 
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Figiire i. f^lecule of Salt 



Molecules 



A molecule is the smallest particle of any compound that can exist and 
still have the same substance. For example, a molecule- of salt ia the 
smallest part^icle of salt that can exi<t and still be salt* Let tis , 
examine a sljtgle molecule of salt more cloaaly. If we were to divide this 
one molecule of salt, we wouldn^Chave sal^ any more, 
atom of sodium and one atom of chlorine. 



We would have one 



Aroms 



Atoms-are so small that two hundred million of them of them placed* 
side bf^ side would only measure one inch. In spite of this, we have a 
very 'clear idea of what goes on inside an atom. 



,Con struct ion of an Atom 



Yfau may be familiar with fact that the earth ^btates around the 
sun in a patli called an orbit. (See figure 2.) The relationship of the 
ftun and earth is known as the solar system. The sum is ,the core and the 
earth is one planet of the system. - , 

' / 

An atom is constructed in a manner ^whicli greatly resembles the solar 
system of tiie sun and Uie earth. Each jitom has a core (like the sun) and 
one or more planets (like the earth) revolving about it. 

/ . ■ , 

Thd hydrogen atom is the simplest of all atoms. It has just one 
planet revolving eUsout its c6s;e. (See figure 3.) In -an atom, ^he 
planets are called electrons (negatively charged particles). 
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Figure 2. Solar System 



Figure 3. Hydrogen Atom 



These electrons, togetlier with protons (positively charged particles) 
and neutrons (neither positive nor negative), make up *he atCOTS of which 
matter is composed. The electrons are in constant motion about the 
nucleus. (See figure 4.) 



SULPHUR 



COPPER 



Figure 4* Cojnstruction o£ an J^ktom, 



Sosae of these electrons are loosely held by the nucleus and wS^ll, move 
freely when an electrical pressure is applied* The^ uniform flow of t 
electrons is called electric current. If a substance has a iarg€ num 
of free electrons and allows current to flow easily i^'y^e sub8t4nce is 
Qalled a conductor > • Otlier substances, such as mica^^'gldss , and riibber 
have few free electrpns and prevent the' moN^ment of < their electrons. 
These substances are called insulatorp ^ \ / ,^ - 

^ * ELECTROMOTIVE HgCE 

« "','•1 

We^are^all familiar with the fact 'that it takes -pressure to push 
water th:^ough a hose. In the city water system we have 60 psi. This ^ 
pressure vtfill push a certain amount of water through a l/2*inch garden 
hose- 2- ^ ^ 

It is understandable, then, that to have electricity we miist f irsj: ; 
iproduce electrical pressure which will force ihe electrons through the 
wires and through the electrical appliance. Thi& pressure is cjatlled 
electroiQOtivie forces voltage, or difference i|i potenti^al. These terms 
have the^ siqe cleaning. ^ ^ 

Electrical p^ssure is obtained by converting heat, mecheuiical and. 
chemical energies into electrical energy. 'Kie- battery <^ on you^ car is" an 
example of chemica^ energy which is converted into an electrical energy. 
The main source of voltage, however, is the conversion of mechanical 
energy into electrical energy, m in the case o( the ^esjerator. To ' . 
generate a voltage mschanically , three things are needed. YoU must nave 
a conductor , a magnetic field , «nd relative motion . Coi^bine ttiese three, 
move the conductors or magnetic field, and voltage will be' generated. , 

Electrical devices are represented in symbol form. 'Syisbols are a 
* shorthand method of representing the unit; they save time and space.' The 
symbols for a battery and generator can be seen- in figure 5. 

Some facts about voltage that 
you should remes^er are; 4 

- The unit of measure for — 
' ' electromotive force (EMF) 
is the VOLT. ^ 



EMF is measured with a 
VOLTMETER. 

- .The SYMBOL for EMF is "E." 

-r^The EFFECT OF EMFf-As that it 
causes CURRENT to flow. 



Battery 




Generator 



Figure 5. Symbols 



111 



. • CURREMT ■ -r • 

™ "durrent" n^ans nwtj.on or movement; Current is the uniform 

SSl^n«d°f *^®*^^""'* f"^* PJ^e»sure which moves then has already been 

^4 ^^1* ^^'"^^f * Pf^=^ Of copper wire. The wire appears to be a solid 
£i?f?jf "^S^^ff* however, 'this vira, as you have learned, is aade up of 
^ii jndj^lUons elefltsron.. if one extra electron, is pushed into* 

one end of the wire, the atbi has.^ extra electron. > it widl now push 
this 5ixtra ^electron over to the next atom. This atom will repeat the 
prpcass' until tlie end of the wire i. reached. At the end of the wire the' 
■electron./ will jump to- any/ other object that needs an electron. This is 
what 12 happening when you see an electric "spark." The magnified 
section of copper wire* shown in figure 6/ illustrates the movement of 

!i "i""^ ^® ^^"^ one direction it is said 
to bfi direct current (dc)* 




Figure 6. Direction of Electron Flow, 



„ J easy to measure the an^unt of water flowing in a water 

.^stem. This migh^-be One. gallon per second or 50 gallons per second. " 
Where water flow is me^^ureS by the gailgn,- electm^n flow irmeasiired by 
tne ampere. -In the sin^slest form, an ampere is 6 ,280 ,000 ,000 ,000 .OO'O .000 
elect--.ns passing a givert point intone second. Of cour?fl . this figure is 
not used in practical application ,^u? it does prove that an' ampere is a' 
given amount. The symbol for current is "1.- The meter used to measur^ 
electron flow..is the ammeter (■*" A -) . > • "^'""^ 

^•mJ^^ movement of electrons through a conductor will cause four 
different effects. 

First, currendt always causes 
HEAT. The amount of heat produced 
^depends on the amoun*t of current 
flowtng and the material of the 
conducto;c. Copper conductors give- 
very little rise in temperature, 
while nichrome is used in heating 
elements. The conversion of ' * 
electrical energy intp heat is used 
In such devices as electric lights, 
stoves, and soldering ^irdns . (See • 

figure 7.) . , Figure 7. Heat 
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A Mcond tiffaet^of currant is 
CUEMICAL CHi^lCE (fi^m •) . As 
currant .pMSM tbrouNgfh- Idpurt 
wAt«Mit caufttts m diiimleal ehanra. 
An of thin is^th« braaking 

doiirft of wmtar into o:)iy9«ti and 
hyc^^ragan. This affact ojE currant 
is- also usad to plata aatals. 
Anothar usa of c^axaicai). chan^ 
is to charts battarias. . 




A third aifact of currant is 
SHOCK (figure 9). Ai current 
passes through the body) it prp- 
duces an affect knovi) as 'physical 
.shock. Hospitals use this in 
the treatiaent of some illnesses. 
.It h^ no tiseful purpose as far 
as the refrigeration serviceman 
is concerned I however^ it can 
qausfe death if y.ou becOTie careless. 
Under rldeal conditions 1/10 of an 
amp can kill you* 



Figure 8. 



Cheii4^|l Change 




Figuf e '9 . 



Physical ^hock 
• 



A fourtll effect of current i^ 
MAGKETt SM ( figu^! 10 ) . Magnetiszi^ 
fwans the al^iU^y to attract iron. 
Copper will^ot magnetise but 
H current through a copj^r wire will 
set \4> a magnetic fif Id about the^ 
wire, T^is magnetic effect of 
currant is used in electrical' 
motors, generators, and 
electromagnets . 




Figure 10. Magnetism 



RESISTANCE 



Thii opposition to the flow of current offered by the coiiductors^ and 
electrical appliances is called resistance^ The OHM { n ) is thei anit..of 
rosasure for resistance. The meter used to measutre resistaLnce- is khe 
OHMMETER (-(R)-) - ^ ' 



There are /four factors which affect the resistance' of a conductor. 



5 



-.7. 



Nontthcactor affecting reaiitanc* is x:Et{C7I^l Rsfairrin^ again to tha 
watar systaia, if w« had a hos#. SO feet long^, we would expect a lot of water 
to flow thVoigh it. If the length of the hoee ^are iacreatfed to 100 feat, - 
" iiThat wouli hippan to the flow? The sane thing h<ii^pei|a> in 'kn electrical 
'^conductor.' 'f^e longer the wire, the higher the reaifttance. and the lea* 
curfent will' flow through it, KSee figure 11.) : 





^ ' Figilre U. length of HoSe 

A second SAPtor affecting resistance is AREA or DIAMEUER. Both 

.the hoses in fVsure 12 are the'.ajame length, but the diameter of ' one Us 
twice that of the other. 





Figure - 12 .Diametet of Hgse 



The larger hose would ^naturally be expected to deliver a larger flow 
of water. The same ^ing^happens in an electrical cqnductor. The larger 
the area of the contfuctor,. the greater the flow of electrons. • , 

The third factor affecting resistance is HATERIAL.VAny substance ^in 
which an electrical pres^-ure can separate large quantities of electrons 
from their .atoms and force. these electrons to move in the s.ubstai\ce Is a 
good conductor. (Silver is one of the batter conductors.) When .the 
■material of a conductor is changed, the resistance of the conductor 
chMges. . . / ' 



Th« {aurth factor af f«ct;,lna ■ 
rttsiitancft 4» TEMPERATURE.'.- %• 

je<UMpM«tur« .is th« speed of^ tfa* . 

/jiiol«cttX«« in a aubitance. If the 
»ol«cul«s are Moving* the atona 
axe;. also moving. If the teapera-* 
tuxe t>f the conductor increases, 
the speed of the atons incseaaes. 
Hvis increase in speed makes it 
more difficult for voltage to , 
sifparate the electron's from their 
atoms f consequently, current 
decreases. 



Basic electrical factors^ can 
be seen in** figure 13. 
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Fi'gi^ 13#'i Basic Electrital 
* Factors 
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AN ELECTRICAL CIRCUIT 



^' ^ An electrical circuit is a closriad path in which eleptreris. can flow. 
Tha four basic requirements of a' circuit are (1) negative conductor, 
(2). positive conductor, U) .source "^sC p^er, and (4) unit of resistance. 

Th« negative Conductor is the connection m/^de from the ae^^tive 
teniinal o! the^ source of, ppw«f to the •unit of resxstance^ 

, Tfi« poaiti<>e conductor is the connectioiv^maije irom the, unit of 
resis^ce to' the positive term^al of- the source o^ gpwer. 

♦ ' The source of power or voltage is ^ually a chemical or inechanic/J. ^ 
energy converted into electrical "ener^.^ 

The tmit of resistance is the opposition" placed «in the path of current 
'9. Tight, fan, motor, or Refrigerator 



audi as 



The 01^ basic parts qf ,the tfircuit: 'Seen irjl figure 14 



BATTCHV 

SOUltCE OF 




UNIT Of 
RESISTANCE 



ngsre 14. ' Four Ba^l^ Parts' of a Circuit 
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Xh figure 15 mrm- thr«a illuitration* of circuits containing 
resistance. 



llNCOiTAT 

m 




Moron 



Figure IS* Reeietance 



T^e circuit fos safety arfd c^v«nience should contain protective 
devices and control devices. 



CIRCUIT PROTECTIVE DEVICES 



It is reasonable to state that 
if nothing wfire to. oppose thl" ooveiaent « 
of electrons, thetB would be exces- 
sive current flow* The cofipect 
resistance aAd pressure infthe 
circuit will maintain safe tod 
correct cturrent flow. However t 
malftmctions may occur, such as the 
negative conductor, coming in direct 
contact with the positive conductor. ' 
(see figure 16) . ^ 



Figtxre 16. Negative Condu^tpr 
Toudiing a 'Positive /Conductor 



In f igur^ 16 ^ the arrows show the ciirrent taking the path of least 
resistance.* l/iithr no opposition in the path of the electrons, the current 
will increase, 'You have learned that current caules heat. In figure 16 
th0^ is nothing to bum but wires, 

Ta protect the circtait there ar^ various circuit protectors, such ar 
fuses and circuit bAiIcers, , r 



Fuses 



A ^fuse is a strip of metal with 
a very low melting point, connected 
in the circuit so that all current 
in the circuit must flow through 
it. ( See < figure 17*) 

An alloy of tin ax\d bismuth is 
used in most fuses. A fuse Will ^ 
melt and break the K:ircuit whenever 
the current oecomesi excessive. 




Fiigure 17, All Current Flows 
^ . Throu^ the Fuse 



Since a fuse is* a prp.tective device, it is j^qportant to use one that 
fits the needs of the ^rcuit in whidi it^is to be uted. 



Circuit BrtAktn • ^^^"'^ /""^ 



A circuit bx^akmz .if M, dsvic't that'bs«ak« th« circuit when tim current 
r«ach«« « predetermined value. The fe«|;urf which dietinguishes a ciircuit- 
breeker frosi a fuee is that a circuit breaker can bc^ resejb while a fuae ' 
siuet be replaced, l^e circuit breaker is connected in*the dircuitT in th^* 
aaiae manner at the fuse. ' , 

Circuit breakers like fuses, must be the weakest part of this circuit. 
They contain a strip of natal that will move when heated. 'This strip- of^ 
aietal acts as. a lock to hold a spring- loaded switch closed.. As the current 
flow increases^ it heats ^the metal strip r this causes the jaetal strip to 
move inough to allow the spring-loaded switch, to' open. After cooling, 
circuit breakers can be reset. * • ' 

• As a matter of/^fety, never use. a coin in place, o 15 a protective de- • 
vice. The wiring -Will become the %ireakest point.. As the current increases ^ 
the wire will be^clie hot and a fire may be^ smarted insidsf the walls qf the{ 
building. An oversized ftise will have the sanb effect. 

■ * - ■ ■ \i 

The rating of the circuit protective device (fuse or circuit breaker^ 
is^ determined by tlie w'3;re siie, or current carrying capacity. Hea^ is' one 
of the effectsiof current. As current increases, ten^nature bf the 
conductor increases. The following table shows the American Hire Gauge 
sizes and amperages for conductors. Tlje amperages are the maximum for the 
. conductors listed. An* increase beyond the maximum listed ratings creates 
excessive heat. Fuse or circuit-breaker amperages should never be larger 
thah the wire is capaible of carrying. For conductor amperage capacities 
in conduit or special applications j consult the National Electrical Code. 

■ • V . 
Maucimiaa Current 
Conductor Size Capacity (for Rubber 

' flWG^ r. Insulati6n. 

• 16 . 6 ' 

14 '15 ' 

^ - ■ 12 ■ ' '20 . • ' 

10 : 25 '] 

8 • . ■ ; 35 ** 

6 50 

'4 . " 7-0 

2 90 ■ . 



CONTROL DEVICES - 

\ » * ' ' 

t 

A, 

To conveniently open ot close the circuit, several types of control 
devices may be u^ad in alectrical circuits. 



1 
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Push Button ^ ( ^ 



A switch of this type ii 
hold refrigerators. 



Knife 




used to control the light in the ho 



3^e- 



The knife switch consists^f a^moveble metel bar with an insulated 
har^dle. It is used as -a safe^ dev|.c^{ at the electrical entry. Opening 
this switch .will stop the flow of ^Uectricity to an area, of the building. 



Types 



The different typee pf knife swi^tehes can be identified by the number 
of poles and throws. The pole^of a switch refers to the movable contsctor^ 
and tl\e throw refers to the^^ circuit or circuits whi .h* ^le pole can con^lete. 



The single pole, single-throw (SPST or 
movable contractor and can completiei only one circuit. 



9^) switch has one 



The single-Tpole^ double-thtow (SPOT or— • ^ ^} switch has^ one 
.movable contactor and two circuits' can be con^leted, but only oim at a 
time. I ' ^1 \ ' ' ^ 1 



The double-pole, single-throw {DPST or ) switch has two . 

movalile contactors and can open both lines' of. the electrical circuit. 

■ ' ^. r 

Th. do\ible-pole , double-throw (DPDT or . ^» — ) switch 

has two movable cqntactorjp. This .witch i* used, to control a motor 
where the direction of rotation need, to be changed 'often. On one position, 
the motor will run clockwise; in the othet positioi>, • it will run counter- , 
clockwise. ' Thi-s type switch is also used to central a two-speed nwtor. 

Toggle ' , ^ 

This type switch has a toggle .that can be moved back and forth to 
open or close tl>e circuit. Types of toggle switch., and their fcymbols are 
the' same as for the knife switch. Toggle .witdaos are normally used to 
control ligHls in a room. Figure 18 shows the wiring of switches in a 
circuit. In illustration "A* the s^witch i. in the OFF position in 
i],lustration "B" the switch is in the ON position. 





Figure 18. Switch Posit)U>ns 
10 
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th« r«Uy switch op«r«t«s on thm prineipU of •UctroMgnctifB. |i 
forwioid consist! of a coil of wirs %round around s hollow cylinder. Xt 
i% used to producs a magnetic fiald. When a novobla cora-of saft iron is- 
pXadad insida tha hollow eylifidar, tha fiel4 of tha coil i^ill tand to 
cantar tha cora into tha coil whan-thara is currant. Solano id coiJLs with 
»ovibla cbras ara usad in atany controls (such' as lina startars) in 
rafri^rat^on and air-condition44t9 units. 

SUMMABY , ... 

Current is the flow of electrons in a closed path* /They are fprced 
to flow by applying an electrical {jrepsure*^ Resistance is the opposition 
to the fJ.ow of electrons, ' 

* Four effects of cuarrent are heat, magnetism, shock, and chemical 
change*. . ^ e; 

Heat, chemical, and mechimical ^inergies gan be converted to electrical 
Energy. 

Resist^ce of a conductor ie affected by length, size, temperature, 
and material. i 

A circuit is. a closed path for electrons to £low from ''a source of 
pressure^ through resistajice, and back to the source of pressure. 

,. • ' " 

Fusas and circuit breakars ara used to protect the circuit in case 
of an ovarload. 



r 

Switcixes are used tc control t,Ae circuit conveniently. 



QUESTION^ 


1. 


What 


2. 


^ama 


3. 


Ust 


4. 


Whfl^t 


5. 


What 


6. 


What 


'7. 


What 


8. 


Naos 


9. 


Nana 


10. 


What 



I 

/ 
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SECTION II 
NAGNETIS2i AND HETSAS 



INTRODUCTION 



Pi^«ctic«^ly 'ail electriealXy equipxaent with which you w£li be working 
will d«p«nd on thi action of j»«gn«tic fi«ld«. In thit »«ction of tha 
atujy guida, naqnetiaBi «»• 4t it uta<in alactrical roaaauring inatrunanta 
will ba diacutaad. Tha lattar part of the atud^ guide will deal with the 
uaa of tite Bwters. 



PRINCIPLES OF MAGNETISM 



-A magnet lis an object which haa 
the ability to attract iron. Any 
abject which acquires nsagnetisra 
whan placed in a magnetic field is 
aaid to ba magnatizad. Before an 
object (auch as a steel b^r) is 
magnetized, the molecules point 
in all directions, as shown in 
figure 19. 



When tlie steel bar is placed 
in contact with a magnet. The 
molecules will be rearranged as 
in figure 20. The steel bar is 
said to be magnetised , and thus 
becomes a magnet. 

■ 

It is aasy to arrange the 
molecules of «Qft iron. But when 

- tJie magnetizing force* im removed^ 
its molecules will return %o the 
position shown in figure 19, flow- 
ever ; in hard steel, arranging the 

.molecules is loore difficult, but 
the molecules remain alined a 

We can conclude from this that 
there are two types* of {oagnets^ 
and soft iron is used in making 
temporary magnets. 




Figure 19.. ^ Arrangement of- 
- Molecules in an Unmagnetized 
Steel Bar 




Figure. 20. Arrangement of 
Molecules in a Magnet 



In any magnet the ends are 
called the magnetic poles (north 
and south). If a magnet is cift 
into pieces each piece becomes 
a separate magnet with a north ^ 
and soutli pole (See figure 21.) 



If two magnets are suspended 
and are fsee to mov;e, their like 
poises will repel each dther, and 
their unlike poles will attract 
each other. (See figure 22.) 



\h s((n S^H sj fN 
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Figure 21. Breai&ing a Magnet 
Makes Each Piece a Small Macm.t, 





Unlike Poles Attract 



^Like Poles Repel 



Figure 22. 



Attraction and Repulsion 



Lines of Forc«. 



The space around a magnet in ' 
which its force may be detected is 
its 'magnetic EJELD. The loagnetic 
field is made up of LINES OF FORCE. 
(See figure 23«) 



When the theory of the magnetic 
force was proposed r it was be- 
lieved that magnetic loops , or 
lines, ^merged from li poles and 
entered S pdles as shown in figure 
23, Thfi theory founded upon this ' 
belief has never been disproved. 

Al^ough you cannot see a 
magnetic field , you can prove that 
on€^ does exist .by placing a bar 
magnet under a piece of plastic or 
white paper and sprinkling iron 
filings "on top of the paper as 
shown in figure. 24. 



This experiment 'also proves ^ 
ti^at magnetic lines of force can 
pass til rough plastic or paper. 
They will pas^ .through all sub^ 
stances, including air. *In fact, 
ther^ is no knd^n substance that 
will insulate magnetic lines of 
force. 




Figure 23. ^Magnetic Field 
Around a Bar Magnet 




Figure 24. ' Pattern of 
Lines of?. Force 
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Hh^n • piac* of lOft iron i» 
plACcd in th« Air bet%M«n th« 
ioUi of M9n«t« tim mmg^mic 
"linmw will t«k* the p*^ of l«Mt 
t«flist«nc«. ConaaquMitly , th*- 
lin«» -will ptMB throu^ th« pi»ce 
of iron -rather than th«^«ir. 
<^Saa figura 25.) • 



I 



Magnetic Induction 

Wh«n an uninagnet^zed bar is 
placiid within ttie magnatic £ield 
oC anotlier magnet r tha lines of 
force will paa» through the un- 
nagnetixed bar (see figure 26),^ 
alining its molecules. When the 
molecules are alined ^ magnetism 
results. This .is called induced 
^plSPftisru. When magnetism is * 
TrtducefT into an unmagnetixed 
objectf it'will assume a polarity 
that is the reverse of the 
magnetising force* 




SOFT m^fi KEEf^ft 




Figure 25. 
Iron Bar on 



B 

Effects of Soft . 
a Magnetic Fiald 



Figujje 26. Induced Magnetism 



f ' ■ • . 

Electromagnetism. , 

Magnetic fields are also produced by el.ectric current. (See figure 
27.) 'SucH fields aref called elactroiftagnetic fields and are. composed of 
lines of force, like all other magnetic fields. The force of the field i 
st^tongest cIqs^ to the wire or cond^ctor. 



[ 

i 



IRON FtLINGS 




Figure 27. Magnetic Lines of Force Around a Current Carrying Wire 

A stronger magnetic field can be obtained by looping tiys conductor to 
^ fonn a coil ap shown in figure 28* 

•MAGNETIC FIELD COIL^ 




MAGNETIZING CURRENT 



Figure 28. A Current Carrying Coil has a Magnetic Fi6. \ 

'If the coil is wrappa^ around a bar of iron as in figure 29 , the 
magnetic field becomes still stronger. This is because ij^n^ i^a« 
already been stated, offers an* easier path for magnetic lines of force 
than ^oes air, and because the bar bec^oes magnetized and its lines of 
force add to tho^e of the coil. * The iron bar becomes an electrCTsagnet 
hav^g , polarity and all the characteristics of any other magnet. ^ 



WIRE COM. 




PART 



MAGNETIZING CURRENT 



Figure 29 • The Electromagnet 
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Left' Hand Rule 



Tho left-haind rule for dctcrminviq tAe polarity of a coil is 
illuitrated in figure 10. 

If you placi^your fingers around the coil, pointing in tiie direction 
of electron flow through the conductor, the thumb will point to the. north 
^aX^ of the coil. It is understandable that reversing the current, flow 
through the conductor will reverse it? polarity* 




THUM8 raiNtS TOWARD 

NonTM PotE or COlt 



m OMECTiON 
OF CURRENT 



Figure 30. Left-Hand Rule for Determining Polarity of an Electromagnet 

Three things determine the strength of an electromagnet: 

Material in the core 

Number of turns in the coil 

« Amount of current through the coil. 

rtS longjias current flows in the conductor, the lines of force 
ound it. But when the current ceases td.flow, tne lines collapse anu' 
iron bar loses its magnetism. Therefore, it is called a te^-iJorary 
'gnet. ' ' 

With an understanding of magnetism, you are novj ready to study the 
operation of meters; • ^ 

DC riETERS ' \ ■ . 

The refrigeration specialist needs to kriow^ow to use the vQltmeter 
to neasure the difference in electrical pressure, ti^e ammeter to^weasure 
the current flow,. and the ohmmeter to measure resistance. All of these 
meters use a permanent magnet and an electromagnet iri their meter 
movement, , ' ' " . . 
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'^^^^ P'Arsonv al frfctor movomant consists of an electitemagnp^: rotating' 
the ^XGld of. a ^rmanent magnot. (Soo "figure 31.). •' 



• The 4rurrent enters at teminal 
and causes coil ^'^AD** to becoir^ 
an eiactroinaqnet.^^ Sy applying the 
left hand rule for coils, you can 
see that "•B" is tjiie rforth pole aiid 
••A" is tiie south pole. Since unlike 
poles attract, "A- will' be attracted 
by tile . north polo of the permanent 
magnet and "B" will be attracted by 
the soutii pole of T^he magnet, 
causing the coil to rotate clock- 
wise and the pointer to move clock- 
wise. If tiie amount of current 
through the coil is increased, 
naturally the magnetic field be- 
comes stronger and the amount of 
rotation wi^^increasc. 




Figure 31. Schematic) Drawing of 
the D' Arson val Meter Movement 



If the direction of current flow is reversed, the coil tends to rotate 
counterclockwise. Therefore, dc voltmete^rs* and 2Uiimeters must be con- 
nected into the circuit with proper polarity.. The terminals of these 
jaeters have their polarity marked. 




DC Ammeter 



The ammeter is used to measure 
the amount of current flow in the 
circuit. Consequently, it will be 
connected in series with the 
operating unit as sho>^"in'. figure 



32. 



Figure 32. Ammeter Cortnected 
in Series wi^tli the Unit 



The cpil of tiio iteter movement is not always capable o£^ carrying the- 
current flow of the/circuit. In order to enable the ammeter 'to measure a 
greater rate of cuyront flow, it is only necessary to add a bypass for 
current or a shun^: A shunt is a strip of n^tal having low resistance. 
It is connoj::ted across the meter terminals to' carr^' most of the current.* 
It ailows only a small part of the current to flow thourgh the coi,l. 
shunt may be inside the meter case or it may be connecjted extern'ally. \ 
(See figure 33.) ^ * ^ 



l?5 
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sn:unt 



Figure 33*; Ammefier Construction 



Remeiober:: 



An alTuneter is conRected in series^ \Hth the unit. 



Connect the positive terminal of the aiyneter toward the positive side 
of tae circuit. {See figure .32.) 

Know the ammeter current rating and the circuit current before making 
any connectiqjis. 



DC Voltineter 



The voltmeter is used to 
measure! the difference in potential, 
or voltage drop between 
two points. The voltineteir is- con- 
nected in parallel to the operating 
unit, (S^e figure 34.) . 

As. you dim see^ f rqm figure 
34, the voltrnetex is *the only 
unit in a path.o'f current flow. 
To protect the coil of tlie meter 
stiovement a resistance must be ^ 
connected in series^p it. (S^e 
figure 35.)- '^^^ . 

The purpose of this resistance 
is to Xjlmit the current flow 
tlirough the Aeter movesaen^. Since 
the resistaiAe of the met^r is 
fixed^ the anwunt of voltage ) 
applied to the .terminals determines 
Uie amount of current flow through 
the coil, thereby determining th^ 
pointer movement. 





Figure 34. Voltmeter Connected 
Parallel to the Unit 



H{GH 

R£S{STANC£ 




Figure 35. , Voltmeter Meter 
Movement 
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Ramsmber; 



> 



A voltsneter is connedted^ 
parallel with the unit. 

Connect tlie positive terminal 
of the voltmeter toward tlie 
positive side^C tihe circuit 
as shown in figure 35 « 

• * » * 
The range of volt^i you are , 
checking* J 

Ohmineter 

An ohinmpter is uso^ tq ineagure ^ 
resistamce* It contains a battferyy 
and a rheostat in series with tne^ 
coil. (See figure 3§*) 

The battery ^iipplies the power 
to operate the ii»ter movement* 
Therefore, )the main power soi^rce 
must be disconnected when using 
the meter. Severe damage to the 
meter ceui occur if this precaution 
is disregarded. 

When ohmroeter terminals are not^ 
connected to a conductor the cir- 
ciiit is openv "consequently tsince 
there is no connection froar-Uie 
negative side of the battery to 
the positive side of the battery , 
the coil camnot be energized, and 
the pointer rests at infinity. 
Infinity means that the resistcince 
is too great to be* measured. In- 
finity is represented by the 
symbol oo shown in figure 37. 

When the terminals are con- 
nected to a resistor, the circuit 
tiirough the coil is completed* 
The pointer moves to indicate the 
correct resistance, if the ter-' 
minals were connecter] across a fuse 
or switch, ^or example, tlie ^re- 
sistance would be too small to 
measure. The ohnneter should 
indicate xez^ resistance. Note in 
figure 37 that zero is at the 
opposite end of the scale from 
infinite resistance*. 



« 



RESISTANCE^ 



ZEflO 

fICSISTANCE 




METER 
MOVEMENT 



BATTERY 



Z&RO 
ADJUST MENT 



TERMINALS 

>A t Mr 



Figure 36. Ohmneter 



RMEOStAT 




METER 
MOVEMENT 

BATTERY 



ZERO 

ADJUSTMENT 



Figure 37. Ohnsneter Indicates 
Zero Resistance Across Fuse 
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• The current output capacity ot a battury may decrease with age* or 
abuse. A rheostat in the circuit coiapens-ates for the change. Turning 
a ''zero adjusti^?* ^nob varies the resistance i thereby allowing tnore or 
less current to flow through the coil. * c , . 

To adjust the, pointer to aero before measuring, resistance., t^he ohm- 
meter leids - are touched; together to allow the pointer to move^'to z&to.^ 
it does not, the leads 'should be held together while the zero adjusting 
knob is rotated until pointer does move to zero. 

■ \ 

/ Remeinber: 



If 



The ohmmeter has its own source of powj^r, 
be OFF. 



Circuit power must 



Adjust the pointer to zero before using the meter, 
proper range jack for accurate reading. 



Use the 



Multimeter, TS-297/U 



^ti; 



The multimeter, TS-297/U, is a meter for measuring ac and dc voltages , 
direct current, and resistanc.e. To se;j.ect the desired meter, a SWITCH 
KNOB is iet on OHMS, ACV, DCV, or tlA. ^See figure 38,) ' 



V0LTA6f 

KANGE 

JACKS 



HiSISTANCl 
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Figure 38 



omiCT ^ 

CUfffltKT 
RAMCI JACKS 
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itimeter TS-29 7/U 
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The multiiaetei^ has a black and a red lead. The black Igtad is always 
placed in thd -common jack. (See figure 38 to locate this jack.) The red 
laadfis placed in the jack ' ac^ordijig- to the function desired. The 4V 
through lOOOV. jacks are for ac or dc^voltage meaS\irements . For example-, 
if you wanted to measure a 28V dc power scmrce, the switch knob would fae • 
placed on DCV, the black lead. placed in the common jack and the rqd lead 
placed in 40V. . ' • 

' k . 

The R X l^,^ X 10, and R X IQO ,>acks arc used for measuring resistance 
and'tiie 4 MA to 400 MA jacks are used fpr measuring direct current. 

The dial is marked with three 
scales as shown in ^figure 39 • 
The scale to be read depends on 
the switct^ kndb setting and the 
range jacJc into which the red lead 
is placed. The top scale is used 
for measuring resistance. it 
ranges f rom /Q^ to 




OHMS SCALE 



OC SCALE 
A C SCALE 



Figure 39, Three Scales on Dial 



The center s^Ues are used for dc voltage rneasurements and dc milli- 
amperes* The scai^e ending in 40 is used whe^ the red lead is in' a range 
jack beginning \|ith 'Mi.** The scale ending in 100 is used when the red 
lead is placed in a range jack beginning with "1." (Sec figures 38 and 
39.) 

The lower scale ^ labeled ac is" used for measuring ac voltage. It 
also has two sets of calibrations - zero to 40 and zero to 100, used^Hn 
the Seune way as the dc. v 

The RHEOSTAT KNOB is used to adjusi the meter pointer to zero when 
the multimeter is used as an" ohmmeter. 

Remember: " . 

To prevent damage to the multimeter when measuring voltage^ 
current, or resist;ance, always start with the hiqhest range to 
obtajin the approximate reading. Then use the lo^.'est range 
posA^le as indicated by the reading. ^ 

Be sure to road the correct scale. 

High voltages are dangerous aj^d may* be fatal, Fcliov. posted 
safety rules. ^ 

Shut off power when measuring resistance. 

Isolate components for accuracy. 

DO !40T LEAVE THE SWITCH ON OHIiS WHEN Till: ML'LT ir^TZP. 
IS V; USE, BECAUSE ACCIDENTAI- SH0RTI::G OF THE 

TEST PRODS WILL TEMQ TO DISCHARGE TME BATTERY, 



SUJUIARY • . 

Magnetism meains the at^ility to attract iron. Hard steel is used in 
making permanent _ magnets and soft iron is used m makiUv? temporary magnets. 
All magnets have a north and south pole? and a magnetic field surrounds the 
magnet, y ^ 
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one 



Electromagnets arc made by insert irvg a soft iron core within an 
rgised coil of a' conductor • ^ 



Perjaanent and electramagncts are used in meter mDvcnwnts. Meters u«ed 
by the refrigeration Specialist are the,dc and ac voltmeters, the 'amroter, 
and the oiHtwieter. \. ' ^ - 

Polarity must be observed when connecting' anvmetcrs and voltmeters in a 
circuit. Power must be OFF. when connecting an ohmmctcr in a circuit. 

The multimeter can bo used as an ohimnetcr^ an ammeter, and a , 
voltmeter. 

UUESTIOIiS ^ ^ * 

!• List three thfhqi:: tl7at datcnnine the strongtii of an electromagnet. 
2. hliat does the symuol 90 mean? 

1. tVhicii meter has its own source of power? ' 

4. ' What does any dc basic meter movement consist of? 

5. ^>fhat an electromagnet? - ^ . 

6. How can the polarity of an electromagnet bo determined? 

7. l^^at is' the area of attraction around the magnet called? 



f 
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SDCrtuN III 
OUn'S U\W AiiD CIRCUITS 



INTnODLCTION • ^ ' ^ 

Your ability to analyse electrical troubles will dopcnd upon your 
knowledge of the circuits involved. This fi<*ction of* the study guide 
explains the typcff of circuits^ tHeir characteristics^ and the relation- 
ship between voltage^ current^ and resistance' in each type of circuit*. 

OHIi'S LAW 

I 

There is a definite relationship between current^ voltage aJid re- 
sistance. of any circuit. If the voltage is .increased^ the current in- 
crdases proportionately. If the resistance is increased, the current 
decreases proportionately. This relationship is known as Ohm*s law. 
Ohm's law can be stated as follows: The current in a circuit is^equal to 
the voltage divided by the resistance. Mathematically it is written as 
follows: 1 

I - § ' ) 

R . • 

The letter I stands for current; E stands for voltage or EIIF; R stands 
for resistance. When voltage is known to be 12V and resistamce is known 
to be 4 , these known values are substituted for their corresponding 
letters in the forrnula. The formula aow reads 

I - 

"TTT. 

Current may then be found by dividing. I will equal 3 amperes 



The equation can be converted to read R = 

the known factors aiti 12 volts, and 3 amperes, 
substituted in the formula. 



E 



Lot us suppose that 



The knov;n values are again 



12V 



By dividing wg find the resistance to be 4 0 

Still anotiicr equation is available^ £ « JR. Suppose 
factors are 3 amperes of current and 4 n of resistance., 
stitution, the formula is E « 3A X 4 a 
voltage is found to be 12 volts. 



i^hat the known 
After sub- 
By multiplying in this instance^ 



These three equations will enable you to find any of three factors . * 
{voltage^ current, or resistance) if you know the other two. An easy way 
to rememoor the three relationships is to place them in triangle as 
shown in figure 40. 
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TO WiHQ I ^Ai4^C«C%' ^LACC 



TO WmO m (ONMit «»CACC 

tnums ovf n m DIVIDE 

Aft INOICATSO 



TO ^(HD*C (VOUTft) ^LACC 
THuMflOVCltft ANO MULTIPLY 
Ai iNOtCATCO 



Figure 40 • Ohm's Law Chart 

If ydu place ypur finger over the factor you do not know, the relative 
positions of tije other twoaknown factors wiil toll you what to do. 

TYPES OF CIRCUITS 

Electrical circuits can be divided into three general classifications; 
series, paraLlel, suid series-parallel. 

Series Circuits 

A series circuit can be defined. as one in which there is only one 

path through whojch the voltage can force the current. In figure 41 is a 
diagram of a series circuit. * - ~ 



It 




i Figure 41. A Series Circuit 

aiARACTERISTtCS OF SERIES CIRCUITS. Since there is but one path 
for the current^ all the current is forced through each resistance? con- 
sequently , current is the sWae throughout the circuit . In figure 42, 
the aronieter has been wired between the 6 Q lamp and the 2 a resistor. 
The EIIF is 24V. The amsneter is indicating 3 amperes of current. 



6Q 



3A 



2ii 





— ^-\^ — 

* 















Figure 42. Auaneter^ Indicates Thi;ee Amperes 
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In figure 43f tha r«iiitance <And ^I^lF hAva remained th« mmsm. You 
will not« th«t tiie MWtt«s*Ra« b<!en wired so that it ^is now between' the . 
Imp And the switch. Since resist&nod and voltage determine current £]!0w\ 
and tiiese have remained constant^ the annetesr still indicates 3 amperes* / 



24V 




Figure 4 3.^ tVxnmeter Contiiitxes ta IndicatQ Three ftmfferea 

* . \ ^ 
The second characteristic of a series circuit is^ 'that the sum the 
voltage drops across each of the .resistahces should egunl the total or 
applied voltage^ iSee figure 44 I 




Figure 44. Adding Voltage Drops - 
The third characteristic is that the total resistance is equal to the 



sum of the resistances of each unit > {See figure 45.) 

sn ^ an = 8 n 



1 




Figure 45. Adding Resistances 

Parallel Cij^cuits 

A parallel circuit is one in which there are two or more paths for 
volta(^e to force current thrpugh, containing only one unit of resistance 
in a patli. {See figure 46. L ^ 
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, Figure 46. A Parallei' Circuit 

CHARACTERISTICS OF PARALLEL CIRCUITS. Thcj' Wal current in -the circuit 

|s equal to the sum of the currents fldwing through all t he paths'. TSee 

'fiaure 47.) 5^ ; ■ — '. 




0 



Figure' 47, Adding Currents 



FTOxn figure 47, you can isee -^at the total amount of current 'is 
greater than the current irt* arty individuals pith. ^' ^ 




Figure 48 • ' Voltage Drops the Same 



The total resistance^ ^j^?^ resisf ncG of thg circuit as a 

whole, is less than the smaliagt resistance in it . By referring to 
figure 48, note that the resistance of Li-.i« 6 Q and the resistince of 
IS 3 n . The total resistance of the circuit nust be less t^ian 3 o . / 
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Sori«2»*Parallal« Circuits • , 

A»'«eritta-pJiraLlel circuit i» o*iw i» viiiiqi; soiofi. 'units 4s« in t«a:l,e« 
oth«r» are in' parallel. A diagram. of a aeries-parallel circuit can 



and' otli«rft are in'' parallel 
be a«ien in figure 49.^ 



■AAAAlWV 




Figure 49. A SerifiS-Parallel ,CirQuit 



Vrom figure 49, you pan see that the two resistors are in seri'^« and 
Rl and the light are irt series, biit that R2 and the light are xn 
para lie !• ^ - » ' 

.CHARACTERISTICS OF SERIES-PARALLEL lAfRCUIl^S. the ciiaracteristics f9r 
the series-parallel circuit are ""a ^combination' of ^hose for the ««rieil^ 
and tiie circuits. Study figure 50, 




Figure 50. Vtoitage and Curre 



a SerieS'^Parallel Circui;t 



SUMIIARY 
Ohro 



- ^ 



The relationship between voltage, current, and resistance is. called 
•s law. 'Pc use the Ohm's law triangle two factors must^e known. 



There' ara" three types of circuits? series, parallel, and 
series-parallel • - ' ^ 

Each type of circuit has specific chaMCteris^ics concerning voltage, 
current.^ 4nd resistance, ^ 

In a series circuit current is the same voltage drops c a*, be added, 
and resistances can be added. ^ ^ ^ 

In a parallel circuit, only the currents can be added. i Voltage drops 
are 'tthe^same and total resistance is less tJ^an the smallest resistance. * 

>■ , ■ < ' ■. ■ 
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-K3UESTI0NS ' ' \^ " • 

* !• yhat is tiie dofi^itioh of a seri;e» circuit? 

2« How can Ohm's l^w iSe 6so<J to find current? * \ ^ 

3. Wltat is the Characteristics^ of Voltage in a sories circuit? 

4. How can total cui*rent be determined In a ♦^arallel^ircuit^ 
.5. In which type of circuit •can the voltage drops. be added?. 

e. What does the letter I stand fpr in, bh»'s law? 
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SECTION ly < 
TRCXJBLI-SHCJOTING DC CIRCUITS 



i;4TR0UUCTI0N 



Trouble with a ri* f rigeration ^it, often invflves electrical problems^ 
^Tha refrigeration specialist should be ablo tg trouUlp^iioot electrical 
circuits. He can simplify his problem by determining if the ^naif unction 
4s electrical or mechanical. Troubleshooting oan be defined as a * 
^systematic nvetliod of locating faults in an electrical circuit.^ 

WIRING DIAGRAMS ^ ' ^ 

A wiring diagram of the electrical system on which you are working 
should be obtained so that you will understand tffae type of aitcuits and 4 
the units involved. In figure 51, a wiring diagram of two^ circuits is 
shown. By studying thcra^ you can scJe that circuit A consists of a fuse, 
switch, comiuctors,. and two lights wire^d parallel to eadli other. Circuit 
B consists of the same units. A picture of the circuit wxll aid in 
•troublesiiobting and making operational checks of tiio units • 



A3 



A 4 



A 5 



A 9 




a." 



V5 



B 3 



B 4 



S 2 



8 2V 



B 6 



B 7 



Figure ^X^-^^ A Wiring Diagram 
OPERATIOiisIAL CHECK 



After st!udying the diagram, check the circuit for normal operation. 
An operational clieck of circuit A, figure 51, would be performed by 
closing the switch ^anS checking to see whether both lights burn. If they 
do not burn, or if^they should >)e burning witht switch A^ in the OFF 
position, tnen the circuit is considered faulty. 
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TYPES OF TROUBLES 
An important fact to remember is that there are only three types of 



troubles; open?, shorts, and low powrerii 
Opens^ 



ti^ open circuit \s otie that has a'break somewhere in it. This breeUc 
could be located in the wire, in the switch, fuse, or in the unit of 
resistance. In fact, it could exist anywhere. Naturally, if ±here is a 
break I there* can be no current flow? consequently, the unit off resistance 
would not be opei^ating. (See figure 52.) 




Figure '52. Open Wire 

There are four different testers that can be used to find a:i open. 
These are the voltmetexr continuity tester, ohmmeter, and test light, 

LOCATING OPENS. The exact' location of an open can be found by using 
the voltmeter. You should, first* of all, understand what a voltmet^ 
indicates in a normal operating circuit. Figure 5 3 illustrates normal 
voltmeter readings throughout the circuit. 




Figure 53. Mormal Voltmeter Readings 



A voltmeter connected positive to negative should always indicate the 
difference in voltage across the two points. A voltn^ter connected 
negative-to-nfigative" or pesitive-to-positive should not give a difference 
in electrical pressure. - (See figure 5 3.} Readings other than these are 
considered abnormal. Exact location of an open can be found in the 
positive oi negative parts of the circuit between a no rir.al and an 
abnormal Reading. * . I 
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Figure 54 illustrates d voltmeter being used to find an oprfh in wire 
A-4. Note that wire A-4 xs in the positive part of the circuit. 



A? 4i 



A 3 



A 4 



ASNORMAL 
aCADlMG 
X 



0 00 0 0 -00 

28V ^28V ^iv 2iv 2»V J^y qv 



|ov 




Figure 54. Locating an Open in Wire A-4 



i In figure 55, \ voltmeter is being used to locate an open- in the 
negative part of the circuit. The exact location is wire A-6 , 



00 



A4 A5 





A6 



28V 



28V 



28V 



000 00 

T28V 28V 28V ^ 2SV OV 



Figure 55. Locating an Open in Wire A-6 

The Same procedure is used in troubleshocting an open with a test 
light? however, a test light will not, give an indication of the amount 
of 'voltage present. All ycu know is that there v;as enough current 
available to burn tne light. 

Opens can also found by using an ohnuneter or a continuity meter. 
Powet must be off and the circuit isolate^ when using co:;tinuity testers, 
In figure 5'6 an oiimmeter i3 being used to Iccate an opc^n in wire A-6. 





* 7 



1 



0 0 

^ n ! n 

A 
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Flour 56, Locating an Op^r^n '.'i' 
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In 'figure 56 you will notice that the ohiwneter shpuld have'^een 
reqi^tering continuity all the way tiirough the circuit; tlie open is found 
between the continuity reading 40 Q ) andop^a% ^ 

SHORTS . ^ - 



A short means that therb is contact' Where there should not be copt^ctj 
consequiantly there is current flow wjiero there should not be current fljpw. 
Indications of siiorts are units operating that should not' be operating, 
blown fuses, and tripped circuit brcalfcrs. 

Direct Short 

In the case of a direct short, 
a negative lead is in contact 
with a positiv^e lead, by passing 
the unit of resistance. 

From figure 57, you can see 
that current in this situation will 
take the path of least resistance^ 
The excessive* current flow will 
cause the fuse to blow, or ijf the 
protective device happens to be a 
circuit breaker, tiie circuit 
breaker will trip, opening the 
circuit. 




Figure 57.y 
inui^y 



Direct Shtort 



LOCATING DIRECT SHORTS. Some kind of a pontinuifty tester, such as 
the chmmeter, continuity meter, or continuity Jight, should be used in 
locating direct shorts. The positive leads should be isolated and the 
testing device connected across the isolated leads. rJotice in figure* 58, 
an ohnimeter is being used to locate contact between isolated positive 
leads and the negative lead. Only the o'hmmater connected ^to A-4 lead 
indicates continuity (00); therefore, -A-4 lead is shorted to the ^ 
negative side of the circuit providing a short cut for current flow."" 





A3 




A4 



a 



o 

CD 




A6 



Figure 58. ^ Locating a Direct Short 
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Cross Shorts 



^^Kereas 
circuit and 
by tlie po^i 
QtiSer. 

During 
independent 
lead A-8 is 
controls L2 
A-3 to A-8; 



the direct short is contact between the positive lead of a 
the negatiNfe lead of a circuity ti^e cross short is caused 
tive leads of indoj^ndent circi^its ccming in coirtact^'with each 

an operational check a crQSs short is indicated by two 
units operat:ing from the san^ switch* fn figure 59^ positive 
touching positive lead A-3. ^Eveir though the switch which 
is open, ther'e a complete path for current ^Ic^ .from 
consequently^ L2 bums. ^ 




. " ^ Figure 5^. Cross Short . ' i 

LOCATING C^OSS SHORTS'. The san>!^ n:esting devices and procedures ^ 
are used in locating cross shorj^s as were used in locating direct shorts. 
Powor must be off and the positive*^ lea(i» of both circuits isolated. {See 

figure 60. ) ' • ' / % 




A3 




A 6 



A-7 



Figure 6Q\ Probable Leads Isolated 

* 

After both circuits are -isolated, the tesA&c? device is connected ■ 
across the pro-iauie lea'd^, such as A- 3, to A-7, A-3 to A-8, A-4 to A-8,° 
or A-4 to A-7. .Note that any of thes#' combinations would have the same 
effect. In figure 61, the ohnuneter shows the cross short to between 
A-3 and 
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Figure 61, Locating a Cross Short 



A shorted switch is one that faiis to break c^ontact whdl^ it is placed 
in tlie^ off position. The effect of a shorted switch is that the unit 
operates continuously. Any. testing device can be used to determine whether 
•the switch is defective. In figurie 62 /an ohinmeter indicates . the switch 
is shorted. 



+ 



L0J 




on 



Figure 62. Checking for a Shorted Switch 



Low Power 



This condition is often found in old buildings or in areas where the 
electrical load has been increased Without increasing the size or number 
of electrical circuits, A low power condition is indicated by sluggish 
operation of units and dim lights. 

If a low power condition is suspected, ^all the electrical units on the 
qircuit should be turned on. This should create maximum current flow. 
Voltage drops across the units should be compared with total voltage. 
Figure 6 3 shows a line loss check. 





Figure 6 3. Voltage Drops Siiould Equal Total Voltage 

36 



1^' 



ERIC 



• 



\ 



erJc 



/ I< a low pow^r condition ii diicov«r«d, the electrical load muit be 
redub^d or a new circuit installed. 



SUMMARY 



Troubleshooting is a systematic means of locating malfunctions in 
.a circuit. ^ / 

The three types of trov^les Aros opens, shorts, and low power. 

Opens prevent tlie flow of current, whereas a short allows it to 
flow where it is not wanted. Low power causes sluggish operation of 
uAits. 

The testing devices are the voltmeter, continuity meter, ohnuneter, 
continuity*light r ^nd test light. 

Continuity devices must\e used in circuits where the power is off and 
the circuit isolated. Voltitfeter and test light are used i^i circuits 
where the power is left on. 

QUESTior:s ' V 

1, Wiat testing device cannot be used in locating a cross short? 

2. What is the indication of a direct sho^? 
3.1 What , is one cause of loW power? 

'4.' ^at testing devic.s are used in circuits .where power can be left on? 

5, How 15 the. circuit checked for low poiii;,er? 

■ \ 

6, ^^hat is the effect of an open circuit? 

7, '^^hat is aborted switch? 

refJ:rences ' ' ^ 
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2. Connnercial^ and Industnial Refrigeration, Nelson 
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PURPOSE OF STUDY GUIDES, WORK800ICS, PROGRANNED TEXTS AND HANDOUTS 

Stu^ Guides, UoH(bo(A$. ProgramiKl Texts and Handouts arc treinlng 
lubllqitlaiis authorized by Air Training Coamand (ATC) for student use In 
ATC courses. 

The STUDY GUIDE (SG) presents, the Information you need to complete 
the unit of Instruction, or makes assignments fol* you to read In other, 
publications which contain the required Information. % 

Th") UORKBOOK (UB) contains work protedures designed to help you 
achieve the learning objectives of the unit. of Instruction. Knowledge 
acquired from using the study guide Mill he1|) ^osreerfora the missions 
or exercises, solve the problems, or ansMer quest1c|^ presented In the 
workbook. 

m 

The STUDY GUIDE AND M0RKK)OK (SU) Stains both SG and UB mateHal 
under one cover. The two training publications are combined when the WB 
Is not designed for you to write In, or when both SG and WB are Issued 
for you to keep. « 

' The PROGBAmo TEXT (PT) presents Information In planned steps with 
provisions for you to actively respond to each step. You are given 
Immediate knowledge of the correctness of each response.^. PTs may either 
replace or augment SGs and WBs. , 

> 

The HANDOUT (HO) contains supplementary training materials In the 
form of flow charts, block diagrams, printouts, case problems, tables, 
forms, charts, and similar materials. , 

V-' I 

Training publications are designed for ATC course use only. They 
are updated as necessary for training pur^ses, but are NOT to be used 
on the job as authoritative^ references In preference to Technical Orders 
or other official publications. 



115 



ERIC 



"^BLE OF CONTENTS 
Worldbook 3ABR54530rn 



Numb«r Title 



n-t-Pl Identify Electrical Units and 
Circuits 

« 

n-l-P2 Multlineter Reading 

n-l-P3 Wiring Series Circuit 

II.X.P4 Wirii« Parallel Circuits 

II-1-P5 Circuit Analysis 




This supersedes WB 3ABR54530-n-l-Pl thru P5, September 1973 
Copies of superseded publication may be used until stock is exhausted. 



r 



W 3ABR54530-II-1-P1 
April 197S 

^ IDENTIFY ELECTRICAL UNITS AND CIRCUITS 

OSJECTIVES 

To aid you in gaining practiaal axpcrianca in identifying alijitrical 
syai>oli» using electrical diagraaa, wiring ■lactrical circuits, a^d 
checking current tXcm in circuits. 

PART I 

IDEtiTIglCATION Of UNITS ON THE TRAINER 



.1 I, r A« 5 D» 



A. B. 



• \\ 



D. 



A 

+ • ' 



F. 



c. 



C. 



A Diagram of the Trainer 

1. Above is a diagram of the trainer to which you have been asfi(igned; 
Under each unit on the diagram is a space provided to write the name of 
the unit. Identify each unit by writing its nomenclature on the heavy 
black line. 



1 • 



PART II 



AN ELECTRICAL DIAGRAM ^ 

1. fisfore wiring any •Xactrical circuit, a dia^ras of tha circuit 
al>ould ba drawn » Tha units to ba includad in tha diagram ara a circuit 
breaker » a SPST switch, an asiBiatar, and a light. Draw Xinas on the 
fo].lowing diagraza to represent the wires you will , place on the traitier. 




— a 




2. Have the instructor checX your diagram. 

-PART III 

WIRING AND OPERATION OF THE CIRCUITS 
CAUTION : Reaove all jewelry. 

1, Wire the circuits on the crainer assigned to you by the instructor. 
Use your diagreua as- a guide. 

NOTE: Use the I'arger bulb. 

2, Have the instructor check your wiring. 

3, Turn the circuit breaker and the switch to the on position, 
a. *How much current is in the circuit? . 



b. What meter is used to measure current? 

c. What is^^^e unit of laaasure for current? 

d. Wl^at is current? ^ ^ 

4. Turn the switch OFF. 

5. Replace the bulb with a smaller bulb. 

6. Turn the switch ON. 

a. ■ How inifch curarent is in the circuit? 



b. Did currant increase, decrease , or ^Wln the sama? 

c. Why? ' 

• 2 US ■ 



d« What. d«t6£min«i the aniouiit of current flow in the circuit? 
REMOVE ALL WII^S 

7. Tlie unit* to b« included in the circuit are a circuit br«ak«rV • 
rheostat, an aaaaeter, and a light. Draw lines on the followinf diagram 
to r«pr«»cnt the wires yc'u will place on the trainer. y 





8. Have the instructor check yoiir diagram. 

9. Wire the circuit on the trainer. 

10. HAve the instructor check your wiring. 

11. Turn the circuit breaker to the oN position. 

12. Turn the rheostat as far to the left as you ceui without turning 
the light off, 

a. How much current is in the circuit?-' ' 



b. Does the light burn "bright" or ••dim"? )^ 



13 • Turn the rheostat as far to the right as- possible without turning 
the light off. 



a. How much current is in the circuit? 

b. Did the current increase, decrease, or remain the -same? 



c. Does the light bum bright or dim? 



14. Beside each of the following symbols, write its name, 



N2une 



b. "^/TN"* Nauae 




* 





1. 



NaiM 



NaoM 



Nama 



Name^ 



Nam 



Name 



^— «r Naxae 



Name 
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MULTIMETER READING 



, OBJECTIVE 

To learn to set the multimeter and measure dc 'voltage, ac voltaae, and 
resistance. 

part" I 

USING THE MULTIMETER AS A DC VOLTMETER 

1. Draw on the following meter faces, the indicating needle in its 
proper position. Then fill in the blanks below the meter faces to show 
the proper setting of switch knob and range jack tor the me^er indication 
given 




100 V OHMS ZERO AOAST^OOMA 

OHMS ^^.OCV r\ 
UA W 

lOOMAl 



o 

40 V 



O 

lOV 

o 

4V 

0 




RXt 

o 



o 

40MA 

o 

4MA 

O O 0, 




O 

40V 

o 

iOV 

o 

4V 

© 




OHMS ZERO ADJUST 400 UA 
OHMS. , ,OCV Q 
KHMU 

o ' 

40MA, 

o I 

O O O 0' 
^ 



Indicating 24 V 

Switch Knob 

Range Jack 



DC 



Indicating 1.5 V DC 

Switch Knob 

Ramge Jack 
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2. In the diagrams below, different range jacks are listed below 
each meter face. Write wha^the a«ter would be indicating on each 
specific remge in the blanks provided. , 



a. 




20 30 
50 75 




40 DC 
100 



Reading 




3. On tiie trainer assigned to you by the ^instructor , put the trai.. 
cord plug in a 110 V ac receptacle. 

"** ^ 

4. Set tiie trainer switch to DC position. 
NOTE: Red light should bum. 

5. Set the multineter to meas afe dc voltages. 



ERIC 
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6. Mak£^ d|^d record voltage measurements between trainer terminals 
indicated below. 



Trainer Terminals 



Voltage 



1 to 2 



2 to 17 

3 to 6 

4 to 8 

4 to 17 

5 to 10 

6 to 12 

7 to 14 

10 to 13 
12 to !■? 
14 to 16 

14 to 18 

15 to 17 

16 to 17 

17 to 18 
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PART^.II 

Using the Multiineter as an A,C. Voltmeter 

Draw on the following meter faces the^ indicating needle in its proper 
position* Then fill in the blanks below the TOter .faces^ to show thej 
proper setting of switch knob and range jack for the meter indication 
gi^en* 




O 

40V 

O 
lOV 

O 

4V 



10 



OHMS ZERO ADJUST 400MA 

OHMS . DCV 
/ MA 




O 
KX3MA] 



RXI 

o 



nx\o Rxioo 

o o 



o 

40MA 

o 

4MA 

0) 



Indicating llOV AC 

Switch Knob 

Range Jack 




o 

40V 

a 

iOV 

O 

4V 



OHMS ZER 
OHMS ,^ DCV 
\ 1 / MA 



o 

aOim;st4ooma 



RXi 



© o 



RXIO 

O 



RXIOO 

O 



o 

MXMAt 

O 
40MA 

O 
4MA 

0; 



Indicating 220V AC 

Switch Knob 

Range Jack 



2 In the diagrams below different range jacks are listed below each 
meter face. Write what the meter would be indicating on each specific 
ranga in the blanks provided. 

«• b. 





Range 

100 V 
40 V 
10 V 
1000 V 



V 

Beading 



Volts 
Volts 
Volts 
Volts 



Range 
4 V 

100 V 
400 V 
1000 V 



Reading 



Volts 
Volts 
Volts 
Volts 



3- 



4. 

5. 



indicated below. 



Set the trainer switch to AC position. 

NOTE: Red light does not bum. 

Set the multimeter to measure Ac voltages. 

Make and record voltage measurements between traiherXteminals 



Trainer Terminals 


2 


to 


17 


4 


to 


17 


1 


to 


2 


3' 


to 


6 


5 


to 


10 


6 


to 


12 


7 


to 


14 


10 


to 


13 


12 


to 


17 


14 


to 


16 


14 


to 


18 


15 


to 


17 


16 


to 


17 


17 


to 


18 



Voltages 



6. iStiplug the trainer. 



10 



1 
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USINfe THE MULTIMETER AS AN 0 



III 



liiMMET 



ER 



•1. Draw on the following niter taces, the indicatijig needle in its 
proper position. Then fill in the blanks below the' fee tar face* to show 
the proper' setting of switch Jcnob^and range jack for the neter indication 



given, 




o 

40V 

o 

10 V 

o 

4V 

^0 



OHMS ZERO 
OHMS. , ,DOV 




ADJUST 400MA 

O 



4aMA 



RXI 

O 



. o 

4MA 

RXlOv RXlOO ^ 

O O 0 




o 

40V 

o 

iOV 
O 

4V 



OKhS ZgRp ADjUsr^OOMA] 
OHMS. -OCV 




MA 



G 



r 



RX{ 

o 



o 

iOOMAl 

O 
40MA 

RXIO RXlOO ™ 

o, o 0 



Indicating 5 Ohms 
Switch Knob ' 
Range Jack ; 



Indicating 2000 Ohms 

Switch Knob 

Range Jack 



11 



1 -3 ■/ 



"^2. In the diagrams below different range jacks are listed below each 
n»ter face. Write what the meter would Be indicating on each specific 
range in the blanks pirovided. 




3. 
5. 

be low . 




Range 
R X 1 _ 

R X IC _ 
R X 100 



Reading 



Range 
R X 1 _ 
R X 10 ^ 
R X 100 



Reading 



Set the trainer switch to the OHMS, position. 
Set the multimeter to measure resistance* 

Moke and record msasurements between trcUner terminals indicated 



Trainer Terminals 



•Resistance 



1 


to 


3 


1 


to 


5 


1 


to 


11 


2 


to 


10 


2 


to 


12 


3 


to 


13 


4 


to 


10 


5 


to 


11 


5 


to 


13 


7 


to 


9 


8 


to 


16 


9 


to 


17 


10 


to 


12 


11 


to 


13 


16 


to 


18 



\ 



12 



I ^- 
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CHECKING UNITSi Wth OHMMfiTER 

1. In the diagram belbw, write what the meter indication { Of? ^ r 
,o path I flow, 0 for pat* for I flow, 0+ for path for I flow with sane 
R in it) wcOld be if the /units were good. 



a. 



b. 





Reading 
d. 



Reading 



Reading 



Reading 



leading 



f. 



Reading 



h. 



1. 





Reading 



Readinc 



Reading 



\ 
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WIRING A SCRIES CIRCUIT 
OBJECTIVES n 

To aid you in gaining practical experience in wiring aeries circuits 
using electrical diagrams , V^^ing Ohm's Law in series circuits, and 
(decking voltage and ctirrent in series circuits* 

CAUTIONS 

Remove jewelry' 

Turn electrical power OFF before wiring circuits or removing units. 

Be sure of correct multimeter setting before making measurements. 

1. In the space below, the units to be included in the series circuit 
are a circuit breaker, an SPST switch, cm. ammeter, and two lamps. Use 
lines to represent the wires ydu will place on the trainer. 

+ . rK ^, — -g 



2. Have the instructor check your diagraun. 

3. Wire the circuit on the trainer using your diagrap as a guide. 

4. Have tiie instructor check your circuit. 

NOTE: Circuit anuneter will be used to measure current. A 
multimeter will be used to measure voltage drops and applied 
voltage. Ohm's law will be used to determine resistance, 

5. Turn -the switch ON and complete the following for the circuit. 
1| LAMP 1 LAMP 2 TOTAL 



E 
I 
R 



15 ■ 

f 

ERIC 



6. In th# diagrw belcsw, use lines to represent how the fixftd resistor 
would be wired in series to "our circuit. 




B-Q — H 



H— 40— H 



7. Hav« the instructor check your diagram. 

S. Turn the switch ON and coiepiete the following for the circuit. 

LAMi> 1 LAMP 2 RESISTOR TOTAL 
E . 

I \ . 

R 



3, Remove the wires you placed on the trainer. 
10. Coinplete the . f oU-owing statements. 

a. A series circuit is a circuit with 



flow, 
voltage. 



path for current 



b. The Sum of the voltage drops should equal the 



c. Current is the 



throughout a series circtxit. 



d. Total resistance may be found in a series circ\iit by 
the resistances of all units* 



e. As units of resistance are added in a series circuity will 
the current flow decreaise , increase, or remain the same? 



f. As ifiiits of resistance are added in a series circuit, will the 
total resistance decrease, increase, or remain the same?* 



i 



IS 



11, Solsm thtt follovin? circuit probX«M 
a. ProbiUR Ko« !• 



"T 

24 V 



Lj Lj 



, Fill in the blanks below 

LAMP 1 LAMP 2 



E 
I 
R 



40 A 



b. Problem No. 2. 



T 

24 V 



20 



TOTAL 



10 



30 -rt- 20^ 





L2 




T 
i 



Fill in the blanks below. 

LAMP 1 LAMP 2 



E 
I 

R 



ion 



30 



LAMP 3 



2on 



TOTAL 



17 



1^3 
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c. ProbXexB' No. 3. 



E 
I 
R 



r 

28 V 



•2A 



16 V 



ri ' 

Fill in tthe blanks below. 
LAMP RESISTOR 

16V 




TOTAL 
28V 



.2A 



d. Problepi No. 4. 



T 

28 V 



i 



16 V 



8 V 

WAA^* — 

L2 



Fiji in the blanks below, 
LAMP 1 LAMP 2 



RESISTOR 



TOTAL 



1^1 



18 
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WIRING PARALLEL CIRCUITS 

OBJECTIVES 

To aid you in gaining practical experience in wiring parallel circuits 
uaing electrical 'cUagrams, using Ohm's Law in parallel circuits, and 
checking voltage and current in parallel circuits. 

CAUTIONS 

Remove jewelry' 

S ■ , ■ ' 

Turn power OFF before wiring circuits or before removing and 
adding circuit- ccanponents. 

3e sure of correct multimeter setting before making 
measurements. 

.1. In the space below, the, unit:s to be includecj in the circuit are a 
circuit breaker, an SPT Switch, am ammeter to indicate total current 
flow, and two lamps in parallel. Use lines to represent the wires you wil 
place on the trainer, • 



2. Have the instructor check your diagram. 

3. Wire the circuit pn the trainer using your diagram as a guide. 

4. H^ve the instructor check your circuit. 

NOTE: Circuit annneter wiil be used to measure curr^jnt. ^ 
multimeter will be used to measure volt .ge drops and applied 
voltage. Ohm's law will be used to determine resistance. 

5. Turn the switch ON and complete the following for the circuit. 

LAMP 1 LAMP 2 TOTAL 



• 19 



ERIC 



6. In the diagram beloW, use linea to represent hcjw a third light 
would be wired in parallel to your circuit. 




7. Have the instructor check .your diagram. 

8, Turn the switch ON and complete the following for th-e circuit. 



LAMP 1 I^AMP 2 LAMP 3 TOTAL 
E ' 

I ; ^ 

■ R ' 

9. Rejtnove the wires you place on the trainer, 
10. Complete the following statements. 

a. A parallel circuit is one with or more paths for 

current flow. 

b. The voltage drop of a un .t in a parallel circuit should be 
equal to the voltage. 

c. Total current is the of the currents from each path 

in a parallel circuit. 

d. When additional units are added in parallel in a circuit, will 
the total resistance increase , decrease , or remain ' the sarr^? 

e. . When units are added in parallel in a circuit, will the tptal 
current increase, decrease, or remain the same? 



20 



\ 



11. Solve the following problems using Ohm's law. 
a. Problem Mo. 1* - 




E 
I 
R 



'1 ^2 

Fill in the blemks below. 
LATIP I. LAMP 2 LAIiP 3 



b. Problem No. 2. 



1 



24 V 



2A 




6A 



TOTAL 




60 n 




20 n 




E 

I 

R 



Fill in the blanks below. 
L/iMP 1 LAMP 2 LAI-IP 3 



21 



LAI-IP 4 



TOT/iL 
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Proiilem No. 3 



Fill in the blanks be\ow. 
LAMP 1 LAMP r 



TOTAL 



E 
I 
R 




L2 



0, 
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CIRCUIT ANALYSIS 

OBJECTIVES 

This project will help you in learning to; 

- Use electrical n»ters. 

- Analyze electriceU. circuita^o determine the location of opens, 
shorts, and low power. W 

- Determine defective electrical units. 

PART I 

1. When a wire is broken in a circuit, it i» known as an 

circuit. 

2. What is the indication of an open circuit? 



3. Meters that can be used to locate open circuits are 

a. ' 

b. 



c. 



USING A VOLTMETER TO LOCATE OPENS 

4. Study the diagrams below and list the location of the opens. 
NOTE: Wires are identified by code, A-1, A-2, etc. 




Location 



23 



i 9^; 
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b. 



f\jt 



0 0 



2SV 28V 25V 




A 4 



0 6 

2SV 2iV 




Location 



At 



A3 



A4 A5 



00 000 000 

iTiV T ] 28V ( 28V y 28V 28V 28V 28 




Location 



I7n 



24 



ERIC 



study the diagram* balow and write the correct voltmeter readings by 
each voltmeter on the circuits tos^^dicate the location of the^ opens. 
(Use 28 volts*) \ ^ ^ 

a. Location of open is switch. 



A 



ff f 4 \ j f <^ H-^ — f 



A -3 




yJLh 



A -6 



— * 



b. Location of open is A-7 wire. 




25 




Location of Qpexi is coil. 




Location or open is motor. 




Sv 

\ 

26 ' 



It"? 



USING THE OHMHETER TO LOCATE OPENS 



1. Stud^ the diagraiM bej^ow and list the location of the opens « 



a« 



At 



0s 



— yVVW> f f 1 



6s* 08 



0n 



OO 



Out 



08 



08 



b. 



> Location 



3n 




ic-iiic 



Location 



- — • f f m f m 



20 n 



A-7 



Tzon 120 0 jzon Tzon Jzon Jon 



Location 



27 
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PART II 

5Vhen a positive wire is grounded and causes current to be re- 
turned in shortcuts to the source of powei;, it is known as a ' 

short • ^ 

2. A positive-to-positive short is called a short when 
two independent circuits will operate from switch, 

3. A circuit that causes a fuse to blow or a circuit breaker to trip 
has a trouble called a shcrt. 

4. Meters that can be used to locate shorts are 
a. 

to. 



5. Always a circuit before checking the 

circiiit with an ohnsneter. \ 

6. Study the diagram below. From the meter indication , €he trouble 

is 



4- » 




7, Study the diagreun below. From' the meter indications the trouble 



IS a 



short and its location is 




8. Study th« diagram b«low. With your pencil, draw in a probabl« 
location of th« »hort. 




A 2 



* 9 



^ • 1- 




9. Study the diagram belcjw. With your pencil ^ draw in a probable 
location of the short. 




^ m rf^^ 



< 



PART III 

NOTE: The diagram following will aid you in determining possible 

locations of the trouble before you begin troubleshooting with the 
correct meter. For instance, if the trouble occurs in circuit "C," 
study the diagram of circuit "C" before using the meter to 
troubleshoot the circuit. 



29 
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NOTE; On the trainer aasianed to you, be sure all the tro'jiile switches 
to your lefl are OFF. Operate all circuits. No troubles 
should exist. Now you aure ready to troubleshoot. Begin by 
turning trouble switch No. 1 ON. Operate all circuits and 
V determine the defective circuit. Pill in the blanks belw. 



" ■ TROUBLE 
SWITCH 


DEFECTIVE CIRCUIT ' 
OR CIRCUITS 
(List letter of -circuit, A-E) 


TYPE OF . 
TROUBLE 


LOCATION 


1 








2 




• 




3 








4 








5 






ii 


6 








\ 

i 








s 








9 


I 




-^w — 


10 









Checked by ^ 

(Instructor) 



\ 
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InsUuctlOQal Systems DcvtlopoMot Ttam | 



Tecbnical Training 



DEPARTMENT OF CIVIL ENCHNEEHZNG TRAINING 



Basic Electricity. 
Ohm*i Law, and 
DC Power 



July 1967 



DMtgmd For ATC Coum Um 



PURPC6E OF STUDENT STUDY^UHDES AND STtJDENT WORKBOOKS 



Studttil Stud* Guide* and aud«flt WorkboGlEi are i r »in iBf pufaiiCJ^ioic a»llKiris«d ^ 
Air Tr«lbli^ Command {ATC) for ctiKitnt um In ATC courses. 

Tb« STtn>SKT STUDY GUIDE (SSG) pr«8enls tb« laformiition yott n««idi to couf^kt* tbm 
unit of inctructicn, or makmi usignaMOfUi for you to rc&d in otber pei)ilcMk3Miii which 
contais tiMi req\iir«d ioformatioo. 

Th« STUDENT WORKBOOK (SWB) cootaini w or k procedures deeipied to help fou 
acMere the leamiog objecttvos of Uw unit ol isstructioa. KnovlM«%e acquired f rote 
vMiing tlM studcrtt atxidf gukte vUl belp jrou penoria the mimMiom or exercises, coive 
the probiemi, or answer questions presented is the «orkS»oak. 

The STUDENT STUDY GUIDE AND WORKBOOK SSG/WB) eoetaias both mG sad SWB 
material unde^ one cover. The two traiaL^ paitfO tOBe »sy bs c o i wh i iiert whsa tfce 
SWB is Qot desicned for you to wrUe in, or when both ^SG and SWB ar^ • for fn 
to keep. 

SSGs aiad SWBs are dMi^ted for ATC course use only. Thry are ufKtMe^ & i i^wessary 
for trainiog purposes, Uit are to be used ca the Job ss ssliurimiitpw r«fer«aee« 

la preference to Tecbsiical Ordl«-s or other oCfleial pstMCMkUmm. 



VALIDATION DATA 



Thli programmtd text on Basic Electricity, 
Ohm'f Law, and DC Pow«r hai l)een vaHdated 
OQ 75 itudcats. Target populatioo consisted 
o£ 35 ^3C student* awaiting (ormal training 
and 40 students enrolled in ABR 543 5 0, Elec- 
trical Power Production. 

The criterion test has a total of 32 responses, 
with SO out of 32 being, ttie standard of pe r - 
formEnce. Any 30 correct responses is 100%. 

\ 

The following results I a d i c a t « time taken to 
complete the program and scores obtained on 
i criterion test. 



■ 


Range 


Average 1 


Time 


as - dO 
Minutes 


&S Minuceft 


Scores 


40% ~ 

, 190% , . 





4 
ft 



/ 



Ob j actives 



After completing this unit of instruction, you wlM be 
able to accompliiih the following: 



DefinUlon of a basic elec rical circuit 

1^ Three bai^ic parts of a circuit 

H Two devices used for circuit protection 

Ijp Device used to control the circuit 

^ Twelve electrical symbols 

^ Definition of a voltmeter 

Hi Method of coanecting a voltmeter in a circuit 

^ Definition of an ammeter 

Method of connecting an ammeter ia a circuit 

^ Deflq^Uon of Ohm's Law 

H ^ Formula for determining current value in a circuit 

^ Formula for determining voltage values in a circuit 

1^ F>^rraula for determining resiitanee value la a circuit 

^ Definition of power 

^ Unit of measure for true electrical power 

^ Formula for determining true ppwer in a DC circuit 

% Use applied voltage and total current flow to com- 
pute the amount of power consumed in a DC circuit 

Hi Four electrical safety precautions when working on 

ele t r 1 c a 1 circuits 



ii 



/ 

1. Aj m £^yw«r P rod o cttoB flpsciaiiKt Tou wiii tmv« occuioc to work m •Itctncsl 
circ\iUc. UoduntaiidlBf vkictriaLl circuitry in ^tuMj If tdu oDdtr^acd and uCili^te 
principlM thBLt ^Imjm sippiy. 



For i3cam{>l#: 




Figure 1. Circuit Dtagrmia Wire Is 

Cooductor 



Pr t ncipi 

1. Dtiiaition of an ElitfctricE i Circuit : An electrtcai circuit li 



2. A B&^ic El»ctricm l Circuit : Tha ttire« bMtc p&rtai oi as opera- 
eiaoal circoit eonsiirGi^ ppwfg »oarc gt ccaaductor, aiid a unit <rf raJiiiifaaac^ 
vMch farm & cIdMd (com^iEiTpBSlar curr«ofc GoW. (See F%. !• ) 



P^Qtgctite Deytcga : Protective dfwicBm protect clrcultj In caa« of 
orwriot^ 6t malfuoctiaes. Frotucttve denc^i consist ct t\xBm znd circuit 
bre&kerai. 



4. Swi tchti : A fwttcii iS a derrice u*#d to coctroi the circuit by making >r 
chanQ^izi^ coisii^tioQii. 



Carefully study Figure 1 and the four 
principles, then turn the page and 
answer the following questions. 



1 



/ 
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Electrical circ itm arc r#prM«st«d brf wlrt^ clli(r&ai 
/ to idttdlfy specific electrtad usdtt, )ui^ u fymbale v« omkS to biMliff oi^ects 
\ on a road ooap. 



2. 1 Kefer to tbe circuit diagram and priacipiM on Qm previoiui psge aail 
write ttHE name beside each of tiM followiiif lytcbole, aod iatiel ttoM 

tlmt are protective dericee witfei a '*F^: 



a. 



b. — \WVV — 



c. 




r 



f 



fown toufiei 








Figure 2 Flgur* S 

2. 2 Place an "X'' beiUiie aaeti of tbe foilotrtag ThyWi s£mlem«sUJi: 

_ a. Figure 2 atx>r« is an elactri^ circuit, 

b. Figure 3 abor© is a buic elsctricai circuit. 

c. Figure i Is not ao ei»c±rical circuit becaujuM II is ofwa 

and therefore oot a complete patit for current flow. 

d. Figure 3 bas the 3 basic parts of aa electrical circuit. 



Ajuswers: 



2. 1 



a. battery 

b. resistor 

c. fuse P 
circuit breaker ~P 

e, switch 



3.3 



X c. 
d. 



/s 

1 



/77 



R«ftr to Flgur« 4 abov« and piacc an "X" i>«ild« each True statement listed 



a. 

b. 
c. 



If the switch i« in the clo»eu poaition there would 
be & compiata path for current {iow. 

Thara ara four prolectiir« daricea ta the circuit 

Tfiara ii a powar aourca, caoductor^ and two resistors 
iB the circuit. 

Thara is «ay ooa cootroi device in the drcuiU 



S. % Wrlta Um misalof iSaxna 1b tba foilowing statements: (Refer to Figure 4 



path for 



a. Aa aladric etrcait la dafiaod a« bavii^ a 
cvirraal flow. 

b. Tba thraa ba«k pmrts of a circail are the 

asid uitlta oi 



c. T«o darleaa oaad for circuit proCactioo are 



source, 



and 



d. Tha davlca uMd to coc^l Uui circuit ta tne 



2. S Tba thraa bn^ or aaaaatlai parts ol ao electrical circuit are 

&. fuiMNi, cooducktrs, aad switche*. 

t>. power aourca. raaistsuict. and cesKiuctora. 

c. battery, ioaaifttora, and raai^anca. 

d, fq#«e, ptjipw aourea. and eoncfactorg. 



Answer*; 3.3 



2.5 % h. 



X a. 
d. 



S.4 



a. complete 

b. power, conductors, r^tstasce 

c. luaaa. 

d. switch 



circuit Sr^^rs 



ERIC 
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3. Much of your time will sp«^ fcroul»i«ibootiDg «quipcMiU you ar« rcquirvd to 
matnlaln, la order to oulfirstaad bom a «y»t»m or a compoMiit optrmtM, you 
mn&t b« able Co identify the foUowii^ eiectricfii drrictfi mad their tyiubole: 



Device 



Battery 



Baxter y Cell 




— j 



3. L^iiup 




Ground 



6. F^a»« 



Circuit Bremkar 




HI 



8. Ftxed Relator 



10. D. C. C«nerator 




0 



11. Voltmtter 



12. Ammeter 






O 



!l«fer to tte pnwkMiB (only if jou Eit^ Co) and label ezch of the 
foiioviaf nymbols: 




Turn the pagf* d cbeck yiKir answers 



Anawer: 3. I 



/ 
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0 



0 



Generator 



Ammeter 



Voltmeter 



@ 



Fixed RefiUtor 



Flx^d Re&lstor 



HharMitat 



Rarr^ry Cell 



j — 



Fuse 



Fuse 



1. D. C. G«otrm£or 

2. Kmmtttir 

S. Ground 

4. Battary C«U 

5. Volda«««r 

e. SwUeM 

7. Rb«o«ia^ 

8. Circuit Brifiker 

9. Tom 

la. Lamp 

12. Bmttary - 



f jnabol by placing tha ouiabcr of ttkt 



Symbol 
|i| i |v- 

4- - 




4 

wv* — ^ — 




© 

0^ 



Answers: 



3.2 

Devices 

1. D. C. Generator 

2. A.mmeter 

3. Ground 

4 Battery CeU 



12 



10 



Symbol 
! I h 



o 
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Voltmeter 



Switch 



7. Hheontai 



8. Circuit Breakar 



11 



10. 



Fuse 



11. Fixed resistor 



12. Battery 



© 
© 



//3 



/ 



MEASUREMENT OF VOLTAGE 



4. 



MeafiurtmMQt of Voltage (EMF): The inatrument for measuring voltage is the 
Y91TMETSB. FJ«urt 8 lllu*im«6 the correct way oi unljig the voltmeter to read 
the voltage drop of the kmd reeietor. Note that the voltmeter la connected direct- 
ly acrou thtf load - in parallel. 




BATTERY 



Figure e. Voltmeter Connection 



4.1 A voltmeter ic % derice used to measure the difference in 
force between two r^oin*. In a circuit. 



4.3 



Tb coonect a voi&meter in a circuit, you would always connect It In 
(circle ooa) with the kxad. 



ceriee > parallel 



4.S 



RcxDember. a voltmeter is cowled In parallel directly 
ACROSS tbe kiad to niMure Ite voltage drop. When con- 
oectlni a roUaieter acroM a battery, connect positive to 
poiiidTe. and aegative to negative. (Thia is referred to as 
VP099r polarity) . To oMaaure voltage output oi a power 
•ooree ttie voir meter is ooanected across the output terminals 
oi tte power source. 



r 




Figure 7 



The voltmeter m Figure 7 1^ connected 
in (select one) 



parallei with the load, 
series with the load. 



Answers: 



4. 1 electromotive 



4.2 parallel 



4.3 



a. 



ERIC 
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MEASUREMENT OF CURRENT 



5/ Carrent tP meaaured with an AMMETER* Flgur« 8 iUuilratM th« proper 
wuy of connectli^ the ammeter. The Inetrum^ U put; In SERIES with tiie 
load (reeiJtance) so that the toUl currec^ flows through It Notice thit tbe 
poemve terminal of the ammeter ie connected to the positive terminal of 
tiM tmttery. If the connectione were reversed, the meter would deflect in 
ttm wTOt^ direction and the Impact of the nn^edle against the stop marker 
might bend it v )nfiiderabiy. 




^mmUt Cofin»ctioo (9ir4««) 



Figure 8, 

5. 1 Tht ammeter Ib uBed in a circuit to meaiiure 
a- voltage. 



b, resistance. 



c. current- 



d. power. 



Amiwer: 5, i X c. 

r ■ 1 



10 



Part B of Figur« 9 fbows the WKONG way at uaii^ the ammetfcr. Notice that, 
with lhi» circuit, it.e tmmetar is directly acro*» the battery terminaia. The' 
meter U not cteaigned to withitand ev«n oaoderately high voltage*. Conaequentiy, 
connecting an ammet«r across the line will u»ually txini out the m«ter rnovement. 




i - Ccrrrci lie B - Incorrect Lie 



Figure 9 



6. 1 Ui ^iihScti. actitzualic dLngrkm in Figure 10 below is the ammeter properly 
connected - (1), (2), or (3) ? 




Figure 10 



11 

1" 



6.2 To measure tiie current flo# In » circtilt, 70U would connect die 
ammeter la 

. a. I^iraUel #ltii t lui by eooaectiiig ttie QegaUve 

side of circuit and posUiTe tesd to poeitiTe elde. 

' b. Seriee with the load by coonecting the negatlv* 

lead to positive side ol tbe circuit and positive 
lead to iMgstive si de. 

. c. Parallel with the load by cfmnectioi negative 

lead to positive side pf circuit and |iosi£tve 
lead to negative side. 

d. SeriM with the load by eoonectiqg tiM Mfj^ve 
— — .1 

lead to negs^ve side cf dreuit and positive 1^ 

to positive side. 




Answer: 6.2 X d. ^ 
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6.3 



Eabtl tte yoito^tor and ammtt«r tfaM art pmptrly ,^tfd In tb« 
. foUoviog dreuits and 



© and 
to Idndfy Um device us«d: 



© 



B. 



/ 




r 



Axuiwer: 




6. 3b 
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7. There. is a definite relationship between Current <I), Voltage (E), and Resistance 

(I^Una^ circuit. This relationship is known as Ohm'i Law. 



Ohm's Law states that current varies 
directly with the voltage and inversely 
with the resistai^e. - 



From this law yqu can see that there are two separate relatio'nships that affect 
current: • 

/ 

a. The relsLtionahip of current and voltage (currei^ varies directly 
with the voltage). ' 

b. The relationship of current aiui resistance (current varies inversely 
with tto resistance). v 



First let's discuss the first relationship - that of Murent and voltage. We said 
that current yarles directly with the vol^ay^. stated this means that 

current increases as voltage Is increased. Ttle reverse is also true. 



/ 



7. 1 Place an X by the true Statements. 



a. When voltage increases, curre^ decreases. 



b. Current varies Inversely with the voltage. 



c. Current varies dh ectly with the voltage. 



d. When voltage decreases oirrent decreases. 



Answer: 



7.1 



X c. 
X d. 



Th* i«coiKi rcla^ioMlilp tiat affects currMt is of cvurrsnt aad rwlstsnet. Ws' 
said tbat cuxTsnt variss tnygrssiy with tin rtststaace. Tbis msans ttet current 
dea:tas«s u rcsisunesls tncrsassd. XnvsntlsF is this ssois msans ttat. as , 
one valus (rssistancs) tocraasts^ tlia olbtr valus (current) dtcreasas. Tba re« 
verse is also tru«. 

7. 2 Place a& X by the true statements, 

a.' Current variwjnyersely with resistonce. ' 



b. Current increases as reitstance is increased. 

/ • ^; 

c. Current Increases as resistance is decreased. . 

d. Current varies directly with the resistance. 



3. Cdiiiplete Ohpt's Law by inserting the missing words in the spaces 
provided. 

Ohm's Law states that current \ 



with the voltage and • with the 

resistance. , * 



\nswers: ^^2 ^. a. 7.3 . feries direcUy 

^ inversely 
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8. Ohm*8 Law i» expressed tn fprnulac. Tbeve formulu are uaed to eolve for 
values of current, voltage, and resistance in circuits. Before j/bu can use these for- 
mulas you must learn the symbols for current, voltage, and rteistance. 

■ 

The electrical symbol for current is the letter X. ' 
The electrical symbol for voltage or e^ctromdhve force is E. 
The electrical symbol for resistance is ft. 

8. 1 a. E is the electrical symbol for_ ^ 

[ or 



♦ 



4^^ 



b. I is the electrical symbol for 



R is the electrical sym^l for 



resistance 



16 



s • 



i 



Answers: 8. 1 su electromotive force * or voltage 

ciirrent 



/ 

/ 



9. / ^TtM OliiB's Iav IrlMglt wUl litlp ypy^ MBOmtud ttlatiaiiship of eumnt, 

Tol)a(t, UMl r«slali&et. It wili alio kid jou in dcttnaiaii« tbt corrtct formuiai 
for soiviaf ivobiuu 61 tlsctrlcal tiIum^ 



/i r\ 



The letter* of thic triangle arranged into the followirs formulae to show the 
relal^bnship of c^iirrent, voltage, and reaiatance. i 



The formula for i^mputing voltage i£ £ « X x R. 



The fomula for computing reelstance ia R » E/^. 



9. 1 Now you uae thephm'a Iaw trlangla to teteroUne thi<» formula for 
current. Write your axxiiver in the space prijviM, 



J .3 



Answer: 



9.1 



I - E/r 
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9. 9 la £lM tneoms>l«t» Ohn'i Law trianslM twlow, fill in ttM rnlMiw Istttrs. 




b. 




ItM Uirt« «qumtioni wtU enable you to find any on^ C3f U» three factori 
(current, voltage, orreaistaoce) IT yo\i kz»w the other two. An^easy way 
to remember the three relatiCTahipc*ia to uie the Ohm'* La'of triangle aa 
abown in Figure 11 below. 






IT 



R X S 

r 



By placing your finger over the unknown factor, the relative posit iona 
of the other two known factors will tell you what bo cio. 

Bone ia above tiie other, divide, jlf they are beside each' other, such 
as I and R, then multiply; ^ . 

Figure 11 ezplaisil this ia detaH. 



Answer: 
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9.S Xfi UM blank Olim's L&w trlMfle b«io«. fill in Um ifmtela ter oarrw^ 
roltict. and n«iataact. ^ ' 




9. 4 Using the letters you ii^erted in the triable - complets tbs formula for 
computing voltage. " / < > ^' ■ 



9. 5 Again, using the letters in the triangle, complete the formula for com- 
puting current. ■ 



I 



9. 6 Complete the formula for resistance. 

R = 




f Answers: 9.3 




9.4 

9.6 



E > I X R 9.5 



I > E 



R 
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i . * 

10. 1 Plact each aymbol in tht Ohm- 1 Law biai^I* nest to tto ttrm it repre 

- Power . 

. Resistance 

* El*ctron 

Voltsige I. 



Current 
Ion 



10. 2 The formula for computing current in a circuit is 
• a. I * E X R 
b. t ' E/r 

c. R » E/j 

d. I = R/ » ^ 



10.3 The formula for computing voltage in a circuit is 
^ a. E » I/g 



b. R = E/j 

c. ,Ei^ » n/i 

d. E » I X R 



10. 4 . The formula for Computing reiistance In a circuit is 
^ a. I = E/j^ 



b. H .1/^ 

c. R \ . E/j 

d. R = X I 



Answers; 10.1 R j Resistance 10.2 X b. 

Voltage 10.3 ^T'd.' 

"T Current 10. 4.. "ST" c. 



20 1 
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' U. 1 ^ompittt tte foUowtaf suttrntatt. 



b. 



c. 



Thff formula for compuciiic currtttt in a dreuit 



The formula for computing voUagt In a clrcvUt 

/ 

The formula for computing miataace in a eirtmit 
ia 



\ 



Answers: 11. 1 'a. X * E/j^ 

b. E « I x R 
C. R - E/- 



f: 



o 
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1 

» 



POWER 



12. Vow%T is lio^ly dcf iMd a< the ra£e of doing work. ^ The unit oi measure for 
tnie electrical power Is the watt or kilowatt.' A kilowatt equals IQOO watts. 
A 100-watt electric light bulb requires abd'ut 1 ampere of current. A 10 Iwrse- 
power oaotor requires about 75 amperes or, roughly/ 7SCX) watts. 

*> .. ■ ■ ' 

- . "N ^ • ■ " ^ V, 

12. 1 Power is d^iiwd as the 



a. 0 rate of enetgy used. ^ 



t b. rate of time f equir^ to use energy. 

c. rate of doing work. 

d. ^ rate of work required for a horsepower. 



12. 2 The watt IS- a unit cC measure for 
a. apparent power. 

b. voltage. 

c. total amperes. 

d. true power. 



Answer: 12.1 X c. . 

12.2 ' X d. 
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13, It is in^KirtJUit to know the vaiuef of voltage, current, andVetistanc« in a cir- r 
cult*, aithoufii we are r*aiiy more concernetf with ele^trtcal power (watta). Tor 
de«tnBiM.tht watu ol f lectrlcal power being cooaumed In % circuit, the power ' 
formula P - E x I may be uaed. 

^ IN » : • 

^ P * Watta 

' E » Voltage (ineaaured in volts) 
I - Current (meaaured in Amperes) 



A«clxxuit with as applied voltage of 120 volts and a cu];r•l^^ flow of 5 amperes 
will conaume 120 x 5 or 600 watts. ' 



IS. 1 A formula for computing DC power is 



a. *P = I X R 



b. P « E 
TT 



c. P = E X t 

d. P = E 



Aoawer: IS.l x c. 
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13.2 



Q^mput^ and crater the vaiue of power of the following schematic 
diagrsksu in the ipoces. provided. 




-.V 



'IT 




mi. 



13.3 The formula for coant||gflg^J)C power is 



watts 



P = 



Ax)£wer: 



13.2 



a. P » 1800 wattfl 

b. P - 330 watta 



13.3 . P » Exi 



\ 



Moat el«cJrtcal injuriM are caused by carelessMM or overconfidsnee in hand- 
line aquipmsnt, Uo«t personnel are Ukelv to thiidc in terma of 1ii«h voUaffe but 
death Uca In the low voUagea too. . ^ p« 

Electric ahock may cauae inatant death or unccmacioiianeaa, ceaaation of breath- 
ing, and burns of all (^reea. X 



SAFETY PRECAUTIONS WHEN WORKING ON 
ELECTRICAL jCmcuITS ARE^ 

. ' /■ 

9 Use ^nsu la ti ng matting 

^ Remove hsmd jewelry 

^ Wear dry clothing 

^ Avoid touching exposed terminals 



Safety is a part of everyone's job. R is the rMponsibillty of every person to 
exercise precautions to Insure that personnel will not be injured or kU^ed. 
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14. 1 Place an X by the four electrical safety precautions to be observed 
when working on electrical circuits. ^ 



a. Wifar steel-capped safety shoes "mtmh worklh^^ cm V 



electrical equipment. f 

b. Stand on insulated matting. 

c. Use cloth matting. ' . , 

i 

d. Remove riz^s, vatclies, etc. ^ 

e. Wear rubberized suit at aU times while woxidng 
on electri^ circuits. | 

i. Wear dry clothing. . 



g. Use both hands wtille touching exposed 
terminals. 

h. Avoid touching ei&posed termlnaiff. 



Answer: 14.1 X b. 

"y~d. 
f. 



h. ^ ' ( 



R I T 1 R X o'n' S X A M I W A T I O N 
(Plae* a check (/) bjr tte comet futfiMr in tbc foUovtw 



Aa^elcGtrinU circuit it ^ioed as havlzig a 
a. . potential raltage aad resistance. 

* ♦ 

' b, comi^ete path fgr current flow. 

. c. complete path for reiistance. 

cL ^ set of fuses and switches. 



The three esseatial pfu-ts of an electrital drcuit are 
'_ a. conductor 8, fuseoiami sviCches. 

b. fusea, power source, and conductors. 



c. power source, resistance, aod conductors. 

• ■ ■ • / 

d. insulators, power source, and resistance'. 



Two devices used for protection of an elec^iod circuit are 

" a. ^ulators and switches.' 

V 

b. circuit breakers azxl switches. 

^ 



c. fuses and circuit breakers. 

d. switches and fuses. 
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Ifitelt McH •Itetrical dcrics with its symbol ^'plkciag the tuimber of the 



the apiiropriate blank. 



Devices 

1. D. C. Generator 

2. Ammeter 

3. Ground 

4. Battery Cell 

5. Voltmeter 

6. Switch 



^ Symbol 



' 1 f 




7. Rheostat 



8. Circuit Breaker 



9. Fuse 



10. La^p 



U. Fixed Realstpr 



12. Battery 



^ 



^AA^■ 

© 

0 
© 



\ 
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9. Tb« eottpooMt us«d cootrol an •Isetrieal drcuU U ri 
a. luit. 

^ !*• o. fi^oet retiator. 



V 



_j , c. switch. \^ 

^ •• . • - " 

. a, voltmeter. 

«. Th^ device iiMd to meaaure tbe difference in electromotive force between 
^ HAv pointi In a circuit is the 
^' a- vcUmeter. 

■s 

b. ammeter. 



^ c. ^ ohmm^er, 
' d. wattraieteri 



7. The method used to connect a voltmeter in a circuit is by connectir^ it In 

a. parallel with the load. 

^ b. series \Wth the load. 

c. front (rf the lo^d; 

d. back of the load. 



To meaaure the curr^j^ flow in^ circuit, you would use a/an 

a. voltmeter. 

b. ammeter. . ' 

c. ohmmetar. 



■ J 



s 
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To m«maurt ttM current flo# In a circuit, you would connect the ammeter in 

a. leriei with the load by connecting the negative lead to 

X negative side of circuit and poiitive lead to positive side. ^ 

' b. series with the load by connecting the negative iead t9 ^ 
positive side of the circuit and positive lesui to negative 
side. ' 

_J c. para^fll with the load by concreting tiM neg^ve lead to 

^legative side of circu^ and positive lea^l to positive sicte. 



*d. parallel with th^ load by connecting negaiJtive lead^to positive 

\ 



afiie of circuit and p^ositive lead to negative side. 



I 

Ohm's Law statM that current varies ' ^ 

a. directly with the voltiag^ and Inversely with the resistance. 

b. Inversely with the voltage^ aiid directly ^th the resistance. 

■ , _^ ./ 
c. directly with the resistance andlnver^aeiy wlfli the power. 

d. lavejrsely with the resistance and directly with the power. 

Tte formula for computing current value in a circuit is 

. \\ 

' a. I » E ■ * 



b. E - IxR 

c. I » E X R 



E 

r 



2^^ 



t 

i 
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The fOrmulft {or roimntflin voltirt v&Iom In % dre^ !■ 



H 

e. R s E 

r , 



1 



The formula £or computtng raiitu^ la a eireuit is 



a. I « 'E 

,11 



b. E « IzR 

c. R ■ E 

r 

d. R - ExI 



Power U defined u the 

a- rate of doing work. 

b. ajooimt of energy used. 

^C. time required to iiee «ierg7. 

d. work required for |l bors^power. 

The watt Is a unit of measure for 

a. apparent powe:^iv 

b. reeistaoee. 

c. true power. 

, d. kilof&tt a^Mres. 




16. The formula for computing DC power im 
a. P * X X R 



c. 



P * E ' 
R 

\ 

P - IxE 

P - E 

r 



17. The amount of power consumed in this DC circuit is' 

a. 88 watts^ 

b. 188«att»^. 

c. 288 watts. 
< d. 388 watts. 




18. Check ( V ) the four elec^tricai s^ety precautions that should be observed when 
working on electrical circuits. 

.^CN Use insulating matting ^ , 



I 

b. 

'a 
c. 

d. 

e. 

f. 

g- 

h. 



Use any type of matting 
Remove hand jewelry 
Wear dry clothing 
Have potential voltage at all times 
Have meters available 
Never compute voltage of a line circuit 
Avoid touching exposed terminsUA 
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study Guides and Workbooks are training publications authorized by Air Training 
Command (ATC) for student use in ATC courses. 

? 

The STUDY GUIDE (SG) presents the informajtlon you need to complete the unit 
of instn^ion, or^makes assignments*for you to read in other publications which 
contain the required information ' . 

The WORKBOOK (WB) contains work procedures designed to help you achieve 
the learning objectives qf the unit of instruction. Knowledge acquired froni 
using the student stucfy guide will help you perform the missions or . exercises, 
solve the problems, or answe«k^^estions pres«it^ in the woridsook. 

THE STUDY GUIDE AND WORKBOOK (SG/WB) contains both SG and WB material 
tmder one cover. The two traUiing publications may be cnniblned when the WB 
is not designed for you to write in, or when hokh SG and WB are issued for you 
to keep. • 

Training publications are designed for ATC use only. They are update<| as nec- 
essary for training purposes^ but are NOT to be used on the job as authoritative 
references in preference to Technical Orders or other official {niblications. 
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VALIDATION DATA 



This nruKrammed tcxl on DC Scries Circuits has 
been validated un 33 uiritien enrolled in ADR 54330 ' 
Electrical Power Production Cpursc. ' . 

t . 

Tt\c Criterion Examination has a total of 15 responses 
wit]^>14 out of the 15 beint' the standard of performance 
Fourteen correct responses is 100%. 

The following results indicate time taken to complete ' 
the projjram and scores obtained on the Criterion 
Examination. 



r 


RANGE 


AVERAGE 


TIME 


25 - 90 
Minutes 


54 

Minutes 


SCORE 


80 - 100% 


94% 1 



Ninety-four percent of the students scored 90% or better. 
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- Learning Objectives - 



Alter com pletint; this unit of instruction you will be abic to accom 
plish the following: 



Hecognize from a list of statements the one that 
defines a series circuit as having only one path for 
current flow. 



I:' from a list of statements the cfi&xacteristics 
of cries circuit as t}eing: 



Current flow will be the same throughout 
th^ circuit. 

V 

Applied voltage is equal to the sum of the 
voltage drops across all resistors. 

Total resistance Is equal to the sum of the 
individual resistors. 



Solve for unknown values of voltage, current, resistance 
and power using electrical formulas and circuit charac- 
teristics when given series circuit schematics and 
sufficient known values. 
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INTRODUCTION 

m 

In any type of work that utilizes d>g effects of electron flow, a 
' k:iowie<Sge of series circuits is desirable. None of the effects 

accompanying electron flow . . . . heating, lighting, or magnetic 

> ' ■ 

■ effects . . ; would be possible without the use of electrical 

■ . ' • . ,) 

circuits. 

» 

4 

Many electrical devices can be utilized more effectively if the 

« 

operator has a knowledge of the circuits used to supply the current 
for the operation of the device. The purpose of this package is to 
give, in simplified form, conventional methods of solving problems 
involving current, voltage, and resistance by the use of basic 
formulas and the characteristics oC the series circuit. 



7 



V 



In the drawings below, you MU see how z series circuit compares to a 

hydraulic system. s 




•CtTmCTlON 



J 



eUKRIIIT 



tlRiCS 

cmeuiT 



+ 
4- 



-w^ — 

WEtitTORtRS 



You will nofice that in both drawings the fluid or current has only one path 
to flow. ^ 

Check (/ ) the true statement. 



( ) 1. 

( ) 2 

( ) '3. 



A circuit that has two or more resistors connected end- 
to-end to form two separate paths for current flow is a 
series circuit. 

A circuit that has one or more resistors connected to 
provide only on6 path for current flow is a series ; v cui^. 



A circuit with tvto or more resistors each providing a sprite 
path for current flow is a series circuit. 



Answer: 



ERIC 



2 1 9 



I 

In any practical circuit certain compoaents are occesBary, in a series 
circuit, the required compoaenU are a source csf voltage, conductors a 
fuse or other protective device, a switch for circuit control, and one'or 
more units of resistance. The components must be connected with onlv 
one path for current flow. ' 

P;ace a check (\/) by the circuits that are connected in series. 




Answer: 1. y 



<S/5 



A series circuit is one in which 
,thQre is only one psUh through 
which the voltage can force 
current. 




.eURRSNTFLO* 

4v tiKiremcuir 



QNCMTM RS 



A circuit which has two or more 
paths through which current can 
flow is called parallel circuit. 





"TT" 4V yf ERIEt PARALLEL 

CIRCtfiT 



CURRtRT PLOV 



A circuit that has two resistors, 
each with a path for current flow, 
and one resistor through which all 
current n^ust flow to return to the 
voltage source Is a series -parallel 
circuit As its name Implies, and 
the drawing illustrates, series - 
parallel circuits are combinations 
of series and parallel circuits. 



An electrical circuit that has only one path for current flow is known as a 

a. ' -parallel circuit. 

b. parallel-series circuit. 

c. series -pa i-allel circuit, 

d. series circuit. 



(Check the correct answer> 



Answer: 



/ d. 



Now that you know the. def^^on of ft series circuit, let us discuss Its char 
acterlstics. First, we wUlleara the char%cterlMlc8 of resistance. The 
total resist^ce is the sum of the individual resistors in the circuit Thus, 
a 20 -ohm resistor and two 50 -ohm resistors connected in series would 
have a total i^esistance (Rt) of 120 ohms. 



Study the diagram below. 



Symbol for Ohms 
■i • no w%i 




AAAAAr 








1 






, 4. 




OH 



















, ■ / ' 

Place a check ( \/) by the statement that describes the characteristics of 
resistance in a series circuit. 

1. The total resistance' is equal to the voltage divided 
by the sum of the individual resistors. 

*■ 2. The total resistance is equal to the sum of the individual 

resistor^ divid«t' by current. 

3. The total resistance is the sum of the individual resistors. 



Answer: 



/ 3. 



i 
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The total resistance in a series circuit is equal to the sum of the individual 
resistors. Written a5>a formula, we have Rt = Ri > R2 + H3. This formula 
merely means that to find total resistance of a series circuit, add up all the 
senate resistances in the circuit. If you had a circuit where the resistance - 
of «! was 5 ohms, R2 was 10 ohms, and R3 was 15 ohms, the total resistance 
would be 5 + 10 + 15 =. 30 ohms. - " 

The total resistance-/or a circuit is determined as illustrated in the diagram " 
below. ^ 



Ri- 5o- 



R,- ?o-^ 
Rt-I<0 ^ 




R2- 25-^ 



♦ Rt^ R,* Rj* Rj 



-VVVA/Nr 



Place a check (v ) by the statement that describes a characteristic of a 
series circuit. 

1- The total resistance is equal to the sum of the 

Individual resistors in the circuit. 

2. The tcrtal resistance is equal to the sum of the 

resistors divided by the number of resistors in 
the circuit. 



Answer: >/ 1. 



How, Itt ua Bakft'sm w ondtritmnd tte iaforaatiaii irtMntid up to thip ^ 
point U yfM do not stltct tht corrtct answfrf to tiM following quwtionfl, 
return to PKgt 2 and r«vi«w the infommtion. U yon selecf the correct 
amwers turn to Page 8 and continue through the package. 



1. 



A circuit that haa reaiatora connected ao ttat there ia only one path 
for curr^ flow ia known aa a 



c. 
d. 



parallel -aeriea circuit 
parallel circuit 
aeries -parallel circuit 
series circuit. 



(Check the correct answer) 



2. This formula Rt = Ri + R2 expresses the characteristic of a 

a. simple circuit. 

b. parallel circuit. 

c. series circuit 

d. series -parallel circuit 



(Check the correct answer) 



3. Determine the total resisUnce of this circuit 

*| ■ 10 "A. 

R^ = -jv 




AA^AAr 



Answers: 1 . / d 
3. "fir = 



o 
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4. 



The next characteristic of a series circuit deals with current. In a ^ries 
circuit, there is only one path for current flow; when it leaves the volrage 
source it is forced though each resistorl Therefore, the same ambunt of 
current /lows in each part of the circuit/ 

Place a check (>/) by the statement(s) that define<s) the characteristics of 
a series circuit. ^ 

1. The total resistance is equal to the sum of the 

individual resistors in the circuit, 

2. The current will divide equally between th^ 

resistors in the circuit. 

3. ^The total resistance is equal to the sum of the 

individual resistors multiplied by the number 
of resistors. 

4. The same amount of current flows through each 
resistor in the circuit. . 



Answer: >/ 1. 
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b altrlM circuit tSis sam^ anKsunt of current Qowi in «ach part of the 
circuit This statement' meaai that If you have two ampe of current at 
the firet resistor, any ^er place in the same circuit will have two amfis 
of current. measure the curirent witii aJi; ammeter. Hegardiess of wherje 
we piace the ammeter in the circuit, it wtU^read two amps. 



S^y the diagram below. 



fT>SA 




AAAAr 



The current through Rj, Rg, and R3 will be two amps; total current will 
be two amps. 

Place a check (/) by the statement(s) that describe(s) the characteristics of 
a series circuit. 



1. The current flow is equal to the sum of the amps 
at each resistor. 

2. The current is equal tb the sum of the amps at each 
resistor multiplied by the total resistance. 

3. The total resists^ice is equal to the sum of the 
individual resistors in the circuit. 

4. The total resistance is equal to the current times the voltage. 

5. The current flow is equal to the resistance times the voltage. 
The current flow is the same throughout the circuit. 



Answer: 



y 

ISIS- 



3. 



9 



o 
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Oppo«itipn to 
the resistor. 

able voltage, 
to the circuit, 
voltage. The 
E2 + E3 etc. 



,0) ■ ■ 

current flow through a resistor causes a voltage drop across 
In other words , each resistor consumes a share of the avail- 
Ea.ch resistor, then, uses less than the total voltage applied 
However, the sum of the voltage drops will equal the applied 
formula for finding applied voltage, then, would be = El + 



Stucjy the diagram below. 

The amount at Ei , E2, and 
E3 is the voltage* drop at that 
resistor. 



\ 



\ 



Ej = 50V 
Eo = 25V 
E3 ^75V 



A^PLilD VOiTAM 




Place a check ( V) by the true statement. 
1. 



( 



Each resistor will consume the same voltage, 
regardless of the amount of resistance. 

2. The same voltage flows through each unit of 
resistance. 

3. The sura of the voltage drops in a series circuit 
is equal to the applied voltage. 



Answer: 




r 



10 
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Ifcw cam now — that an6ti»g charmetTtatte trf a iart— efrgnit th^t ttw p 
applied yottag* if tquftl lum of th« voltagtf drops acroct all mti- 
tort. Or, atatfld anotiier way, applied voltage will equal the sum of all 
the sep^te voltage dr<^. 



Place a check (v ) by the- atatement(s) that describe{s) the characteristics 
of a series circuit. * 



1. The current flow will divide among the resistors 
according to the amount of resistance. 

2. Applied voltage is equal to the sum of the voltage 
drops across all resistors. • 



3. ^Total resistance is equal to the sum of the individual 
resistors in the circuit. 

4. Applied voltage is equal to the current divided by 
resistance at each resii^or. 

5. The total resistance in the circuit will be less than 
the sum of the. individual resistors. 

6. The current flow is the same throughout the circuit 



Answer: 7" 2. 

^6. 



11 



Let'i review the information on the definition and characteristica of a 
series circuit Iftyou do not select the correct answers to the following 
question, return toJPage 8 and review the information. If. you select 
the correct answers « continue through the pacicage. 



Check ( ^ ) the statements that define or describe the characteristics 6i 
a series circuit. 



1. A circuit that has only one path for current flow. 

\ . • 

2. A circuit that has more than one path for current 
flow is a series circuit 



3. . The total resistance is equal to the sum of the 
liuiividual resistors in the circuit. 

^ 4, The current f^ow will divide among each individual 
resistor. 



5. The total resistance will divide equally among the 
resistors^! 



6. The current flow is the same througtout the circuit. 

7. Applied voltage is equal to the sum of the voltage 
drops across all resistors. 

8. The voltage drop at each resistor wtU be the same. 



Answer ; 



/ 7. 



< 
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,Now that you know the definitioii and characteristics of a series circuit, let 
us briefly review Ohm*8 Law before proceeding into circuit analysis. We 
find that current in a circuit is directly proportional to the applied voltage, 
and inversely proportional to the resistance. ^Ohm's Law, then, can be stated 
as a mathematical formula - I = E/R, R » E/I, and E = I x R. Knowing any 
two of the quantities in the formula (I, R, or E), the third quantity can be 
calculated. Example: Given E * lOV and R = 5>^, we can find I by. using 
I « E/R. I = lOV = 2A. The Ohm's Law triangle will help you remember the 
formula. 



VOWTl 




CUIVRENT 



RItifTANCE 



The formula for finding the unknown quan- 
tity or value will be given by covering 
the unknown factor of the triangle and per- 
forming the simple mathematical problem 
left showing. 




Example: Given E = 70y^and I = 7 A, 
solve for R. 



In the triangle you cover the "R, " whi<;h 
tellll you to divide the value of I into the 
value of E. Then R = 70V = 10 -/^ . 

7A • 



Solve the problem below, an^ mark through the letter in the triangle that gives 
you the correct formula. 



2A 



R = IBwv 




Answer : 



30V 
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We use Ohm's law tp deteriplne the total miue of current, voltage, or 
resiStsmce of a circuit. We also use Ohm's law to determine the value 
of current, voltage, or ^resistance .at each resistor. Let us analyze a 
circuit thatJxas a 120 volt sourciB and t\«> ^0 ohp resistors In series. . 



<z> 



I = 



In this ciase, we know the total 
voyage is 120\r. We sM the value 
of the individual resistors (30 + SO-'^ 
= 60 ) to determine the total 
resistance. 

» ■ . 

Now we h^ve two of the total values': 
120V and 60-ru . We use I = E/R 



determine the current ^ 120V 
4» , eOA 



= 2A. 



Now you try one. What is the total current flow in the 'following circuit? 



AW- 



I = 



Answer: 



3A 



14 
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Now we will determine the voltage vsUun (voltage dz:op) at individoal 
reslitors and the total circuit values (appUed voltage). To determine the 
voltage drop at a resistor, we must know the amount of resistance in the 
resistor and the current flow through the resistor. 




In tW^ circuit, we know the amount oi resistance at (25j^ ), *and the 
current through Rj (2A). The voltage drop at Rj would equal 25-^ x 2A. 



The voltage drop at Rj would be 50V. 
The voltage drop at R2 would be 50V. 



Determine the voltage drop at each resistor in the circuit below. 




• «T«ltOV 



I*2A 



Answer: R^ - 60V; R2 ~ ^^V. 
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When we determine the current through an iodividufU resistor, we must 
kiso know two of the three mlues at the resistor. 



I lT*itOV 



I = 



■A^ 



We know two values at — 
60V and 30 A . We use the 
formula I = E/R 




60V - OA We have determined 
the current flow through R^. 



Since the current is the same throughout the circuit, all we must do is 
determine the current at one point to kiKJw the toiMd current in the circuit. 
Therefore, the total current through the circuit above is 2A, 



What Is the total current flow in the following circuits ? . ^ 




4- 



WW- 



2. 




AW- 

C|-40V 



I = 



Answer: 



1. 2A 

2. 4A 
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Now, let .u« determine the rei 
resistance of a circuit, 
we must know the 
the resistor. 




tance of an individual resistor, and the total 
Ohm's law is Applied to an ix»|ividual resistor, 
at the resistor, and the current flow through 



/ 



To determine the ohms at Rj, we 
divide the amount of voltage drop 
(20V) by thfi amount of ciurrent (2A)- 
The formula is R = E/f « 20V == 10-a- 

VT 

The resistance at R2 Is 15^ 



•If we know, the resistance at each resistor, we add these values to obtain the 
total resistance in the circuit. 




Determine the total resistance In the circuit below. 




Answer: 60 



IS 



As you know, the total voltage of a series cirpuit is equal to the sum of the 
voltage drops in the circuit. Therefore, if we determine the voltage drop 
at each resistor, and add these values, we know the applied voltage. 



First we determine the voltage drop 
atRi. 10-«- X 3A = 30V. Then 
we determine the voltage drop at R2. 
10-^ X 3A = 30V. 

=30V + 30V = 60V. 



Another memod used to determine the total voltage is through the use of Ohm's 
Law. We must know the total resistance and the current flow through the cir- 
cuit. When we know the two values (resistance and current) we use the, follow- 
ing equation: E = IxR. 





i 'SA 



A/s/^ 



First we must find total resistance 
. 'Rf = lO-"- + 10-«- = 20^ . 
Now, we multiply the total resistance*, 
(20-^ ) by the current (3 A). 

Et = 3A X 20-«- = 60V- 



Determine the applied voltage of the circuits below. 



1. 



l-SA 



2. 



^{« tov 



E2* 



1 1 . 10 



ET 



i>2A 



'-0- 



AAAr 

Kg m 



Answer: 



1. 
2. 



120V 
150V 
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Td determine the total resUtahcs a circuit, we muat know the applied^ 
voltage and the current flow in the circuit If we knorw the two values, 
(applied voltage and current), we divide the current into the voltage to find 
the total resistance. Use the equation: R = E/j. • . . 




1 -M 



<!> 



If we kngw th^ applied Voltage and 
the current, we divide gi^ current I 
into the voltage to determine total 
resistance. ' ^ 

IBOV = 45^ 

- • 

Notice that we do not determine the 
resistance of each resistor. 



Determine the total resistance in the circuit below. 




Answer: . 40^%. 



19 



At this point, we kiKiw ho\i^-to determine the total voltage, current, and 
resistance of a circuit; we a3^^>4{now how to determine the values of , 
individual resistors.^' Now, we will determine the power expended in a 
circuit or resistor. When voltage causes current flow in a circuit, work 
is done. The rate at which this work is done is'called the power rate, 
and it is measured in watts. The symbol P^indicateS electrical power. 
It is equal to the voltage across a circuit multiplied by the current through 
the circuit Thus, the basic power formula is P - I,x E. ' 




* lT«ltpV 



In this circuit, we haVe the 
required values {totsX voltage 
and current) necessity to ' 
» determine the Po»wer. 

P = I X E = 4A X 120V = 480 Watts 



Determind the^wer consumed in the circuit below. 




^ { 



P = 



Answer; 



300 W 



20 
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To dettrmiiM th« power ccmsamed at an IndiTtciual resistor, we must 
know the amount of voltage drop and the amount of current at tbe resistor. 
Remember, you multiply the current times the voltage to determine the 
power. ' P » current x voltage. 



[ 2T«we 



i 




>i"eov 



To determine the power at R« , we 
would multiply the ampe times 
voltage. 

P » I X E = 2A X 40V = SOW. 

r 

Power at Rg would be 120W. 



Determine the power consulted at each resistor in the circuit beiow. 




Aaswer: Pj = 12OW; Pg = 40W; P3 = 60W. 



u 



^ J S' 



o 
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Now, let ufl ajuUsrze.A circuit and utilize some of the information just 
covered. In the circuit below, we must determine total resistance, 
voltage drop at Ra, and the resistance at H3. 



10 a +30-rt- 



First, We determine the voltage 
drop at R|. 

E = IxR =iAx5-«- = 20v 




We divide 4A into 40 volts to 
obtain the resistance at R^. 

40v = 10-* 




Next we determine 
the voltage drop at R2 

4A X 15-«- = 60v 



We now add the two values . 
(20v + eOv = 80v) and subtract 
this value (SOv) from the 
applied voltage which gives 
us the voltage drop at R3. 

120v (Et) - SOv = 40v 



230 
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Dettrmijw th« unknown mtuM in tfas circuit b«low. 
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When analyzing a circuit, make use of the known values, and remember the foripulas: 
R = E/i, I = E/p, E = I X R, and P = I X E. 



to 



1. The two known values in this case are ai 
RX. We divide the 10-^ into the 30V to 
determine the current in the circuit. 

30V = 3A 
TIP 



5 . 30V (El) + 15V (E2) + 45V (E3) = 90V 



or 



30-^(Rt) X 3A = 90V, 



6. We multiply the 
current times the 
total voltage to 
determine the total 
power. 

3A X 90V = 270 



I» 



j-ArH^ — MVMg) 

' El •30V 




2. Now, we know two values at 
R2 - Current and. Resistance. 

3Ax 5^ = iSV 




^/wv 

R5» 



3. We also know two values at 
R3 - Current and Voltage. 

45V = 15- 



E5-4SV 
P5» m 



4. To determine pbwer at 2 Resistor, we 
multiply the current times the voltage 
at that resistor. 

SAx 45V = 135W 



ERIC 



Dtttrmlnt the unknown vaUus in tin eireuit btlow. 



r 




Answer: I = 3A; E2 = 120V; = 270V; Rj = 20-^ ; Rt = 9(K^ ; 
Pt = 810W 



r 
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CRITERION EXAMINATION 

(You mu^t answer correctly 14 out of 15 items 
to satisfactorily complete thTs unit) 

» 

An electrical circuit that has only one path for current flew Is known 
as a 

a. parallel circuit. 



b. parallel -series circuit. 



c. / series circuit. 



d. series -parallel circuit. 



Place an "S" by each statement that describes the characteristics of 
a se. l?s circuit. 

A circuit containing two or more units of resistance, 
each having a separate path of current flow. 

Total resistance is equal to the sum of the individual 
resistors in the circuit. 

The current flow is the same throughout the circuit. 

The same voltage value is applied to each unit of 
resistance. 

Has only one path for current flow. 

Total current divides among resistors In proportion 
to their resistance. 

Total resistance Is less than that of any single resistor. 



Applied voltage is equal to the sum of the voltage drops 
across all resistors. 



b. 

c. 
d. 

e, 
f. 



h. 



O 4 
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Det«rmiDC th« ankaown wnh»m la each of the following' eircuiti. 

■W W 



I "4* 



■AVNr 



■0 



w 



*I •lOV 



I = 





AAAr 



«I V 



I = 



E3 = 

= 
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OMl^Md For ATC CcHirst Ut« 



VALIDATION DATA 

This programmed text on Parallel DC Circuits has 
been vajiidated on 39 students. . Target population con- 
sisted of 39 students enrolled in ABR 543 30, Electri- 
calPowerProductionCourse. 

The Criterion Examination has a total of 29 responses, 
with 26 out of 29 being the standard of performance. 
Any 26 correct responses is 100%. 

The foliowing results indicate time taken to complete 
the program and scores obtained on the Criterion 
Examination. 





RANGE 


AVERAGE 


Time 


42 - 160 
Min 


105 
Min 


Scores 


50 - 100% 


92. 1% 



OBJECTIVES 

After completing this unit of instruction, you should be able to 
accomplish the following: 

9 Identify the definition of a parallel circuit. 

# Identify the characteristics of a parallel circuit. 

# Identify the various arrangements of ^parallel 

* 

circuits from an illustration containing circuit 
schematics. 

IP Solve for unknown values of current, voltage, 
resistance^'-and power using electrical formulas 
and circuit characteristics when given parallel 
circuit schematics and sufficient known values. 



FollowTheseSteps: 

r 

1. As you study the text, you are required to solve problems, 
complete information, and c ire 16 or check items from a group. ( 

2. Questions and answers are separated. Use a 5 x 7 card, or 
heavy paper you can't see through, as a marker. Slide tiie 
card down until you expose the divider. 



You now have one problem exposed. 

3. Read the information given and work the problem. Write your 
answer in the space provided. 



4. After you have made your response, slide the marker further 

down the paper and compare your answer with the correct answer. 

a. If your answer is right, continue working the problems. 

b. If your answer is wrong, restudy the information and 
work the problem again. 



Then proceed to the next problem. 
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At Cliristmafl time when you have finally decided to check the i*ghts for 
the tree, you niay have noted that there were two different types.' One 
set of lights was a particular problem because, as one of Its lights burned 
out, ;^1 of its lights would go out. l^ia was a seriea-connected circuit. 
The set of lights ttat suited your purpose best was connected in parailel. 
In working on this set you fouijd that when one^light went out, the others ' 
still continued to glow. 

1. A parallel circuit is a circuit containing two or more units of 
resistance, each unit havijig a separ^ path of current flow. 

From the circuits shown below, select those that are parallel 
by drawing a circle around its corresponding letter. 




J 



One characteristic of a parallel circuit is that the same voitage is 
applied to each unit of resistance. The formula which gives this relation- 
ship is = Ej = = E3. ^ 

2. Which of the circuits below demonstrates the voltage characteristic 
of a parallel circuit? (Circle the letter of your answer. ) 



E-j-=30V 



r 



-AAV 

£1= 6V 



E2=10V 

a. 



AAV 

E,=10V 



E2 = 20V 



C. 



~ E,= 10V 



b. 



E2=10V* 



E3=100V| 



d. 



3. Find the unknown voltages for the circuits below 

1 



a. 



60V 



El - 
E2 



V 
V 



b. 



r 



V 

V 



E , =10V 



60 ^' 



V . 



1^ ) A* 
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other characteristic of a para!llel circuit is that total current is equal to the 
.1 of the currents throu gh all the oaths. This is expressed in formula form 
It = Ii + I2 ^ 13* Total current divides among the resistors inversely pro- 
■tionai to their resistance. 



the circuit be notice that the sum of the currents in the branches equals 
total ^current. It's also important to see the resistance current relation- 

p. 'Rhj which is thMe times larger than R2, has one third the amount of 
rent flowing througVlt as R2. 



1 5=3A 



R2 = 2-rx 



Select the circuit below \^^hich demonstrates the current characteristic 
of a parallel cif cuit. (Circle the letter of your answer. ) 



J A 



a. 



30A 



10A 




c. 



ERIC 
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Which of the circuits below demonstrate the correct current division 
in a parallel circujt? (Circle the letter of your answer. ) 



4A 



10. 



1 1 r 2A 




jL"- 



R 1 < 20. 



R3 <1 40 



i2 i>2A 



a. 



35A 



R,=20a , i,=20A 



AAAAr- 



T^VWV 



i3=5A 



c. 



a. c. 



Complete the statements below: 



a« A parallel circuit contains 



of resistance, each having a 



or ' units 

path for current flow 



two more separate 

b- The voltage applied to each resistor in a parallel circuit is the 
as the total or applied voltage. 



same 



c. Total current In a paraUel circuit is the of tlie 

current through the Individual resistors. 



sum 



d. Current in a specific resistor of a parallel circuit will be 
proportional to its resists ce. 



inversely 

Total resistance in a parallel circuit Is always less than the smallest valued 
resistor in the circuit. When the resistor values are equal we' can find Rf by 
dividing the value of one resistor bt the number of resistors in paraHeL 



Example: 



r 



100-rv 




!00 j^. 



In the above circuit the total resistance would have to !)e less than 100 
the smallest valued resistor in the circuit The four resistor values are equal 
.so we can divide the value of one resistor (lOO-O^ by the number of resistors 
having that value (4). 

= 100 = 25-^^ 



5 



o 
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In Circuit a. the total resistance would have to be less than 



6 



In Circuit b. the total resistance would have to be less than 
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Identify the characteristics of a series and parallel circuit by placing 
an "S" by each series characteristic and a "P" by each parallel chai'- 
acteristic. 

a. Has only one path for current flow. 

b. Total current divides among the resistors inversely 

proportional to their resistance. 

c. Total resistance is always less than the smallest valued 

resistor. 

Same voltage value is applied to each unit of resistance. 

e. Current flow is same throughout circuit. . 

f. Total resistance is equal to sum of iiKiividual resistors. 

g- Circuit containing two or more units of resistance, each 

having a separate path of current flow. 

Applied voltage is equal to the sum of the voltage drops 

across all resistors. 



a. 
b. 



c. P 
d. 



e. 
f. 



S 

"ST 



h. 



P 
"1" 



When answering the next several questions, you'U find 
the answers in the left margin and just below the question- 
ing area. 



Let's review reciprocals and the addition of fractions as they 
important to our knowledge of parallel circuits, 

i The reciprocal of the number 8 is 1/8, of 100 is 1/100 
I The reciprocal of 1/50 is 50, of 1/35 is 35. 



10. Find the reciprocals of the numbers below. 

80, 20, 45, 1/6, 1/130, 1/1000 
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V, 



8 



h 1/20, 
5, 6, 130 



Mow let's add the reciprocals of the following numbers. 
20, 30, 60 

We would add these values this way: 1/20 4 1/30 ^ 1/60. 

To add fractions we first must^tlnd the least common denominator. 

(The lowest value 20, 30 & 60 will divide into).In this case it is 

60. 

We now have 60, 60, 60 or 3 ^ 2 -t- 1 . 
2IT "SD SIT SU 

This gives us 6 or 1. . 

80 nr 

11. Ajdd the reciprocal values of the following numbers. 
6, 12, and 4 



The above problem could have been worked in this way. 



(T) 14-1 -i- 1 least conamon^ denominator 

(D 2 + 1^3=6 or 
U 



12 
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One of the methods used to find total resistance of a parallel 
circuit is by use of the Reciprocal formula. 

Rt = 



i/Ri + 1/r2 + 1/r3 

In using the formula we sul)stitute the numerical resistance 
value into the formula. 
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Below is an example of using the reciprocal fojrmuia to find total resistance. 



R 1 J R 2 



s 



fiO-n^ 140 




Steps : 

A. The formula for finding total resistance is = 1 

B. Substituting the values in the problem gives us R^ = i 

Vs ^ l/io ^ 1/40 

C. The least common denominator must be found. It would equal 40. 

D. Nejrt you must change all denominators to 40. The formula- would then 
look like this: R^ = 1 

^^/40 4/40 + 1/40 

E. Next, add the denominator; R^ = 1 

W40 

F. You now have the problem in solvable, workable terms. Your next step 
Is to begin to perform the division: 

Rt = 1/1 . ^ 10/40 

G. Using the rule for division of fractioli^, you invert the fraction and 
multiply. This gives you 

«t = X 40/^0 

H. Then, - Rt = 40/;^o °^ JL 
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12. Complete the formula below for the given circuit. 



r 



r I 



-n. [5^ 20 -n* 




R* = 



1/ -^1/ ^ 1/ 



1/4 ^ + i/20 



20 



10 



10/ 



20 



a. Now the least common denominator must be found. 
It would equal / ? 

\ • r 



b. This means we have = 



/20 + V20 + 1/20 



20/ 



10 



c. Then = 1 

/20 



d. Then Rt = l/j / 



e. Then R^ = 1/j x / 



f. Then R^ = 20/ 



10 



11 



o 
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a. 
b. 



2 
4 
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13. Now see how well you can do on these two problems. 



X 





r 





a. 



! The solutions to the above problems are; 



1 

Rt 
1 



T 6 

1 +1 +1 

m ill i" 



1 = 



1 

Rt 



2+1 =3 =1 



4 + 1+ 5 =10 = 1 Rt = ' 



Let's go over some short cuts that may help you. 
A 

Remember total resistance of a parallel circuit is always 
less than that of the smallest valued resistor. 



Example 




Rt- 



50-fV [tOO-t-U J75 -O. 




In the above circuit the total resistance would have to be less 
thiin 50 

14. Select the only possible total resistance for the circuit below. 
(Circle the letter of your choice. ) 



rO 






a. 3-^ 

b. 6 ^ 

c. 18 

d. 33 



2^-1 



12 



3^ 


When the parallel resistors are aU of equal size then you can 
find total resistance by dividing the value of one of the parallel 
A^9MM^A9 uj ^ms mimQeT ox equ&i Sized resistors. 


Example: j 1 J j 


Rt - 60 size of equal resistor 

3~ number of equal resistors * 

— ^ ^ 


t 


15. Find the total resistance of the circuit below: 


^80^ <aO-^ <80-rL ^ 





20 

Now let's review the key points. 

a. A parallel circuit is a circuit containing 

units of resistance, each having a 
flow. 



or 



path of current 



two 



more 



separate 
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b. 



The same voltage is appiied to 
in a parallel circuit. 



unit of resistance 



each 



c. Total current in a parallel circuit among resistors 



proportional to the value of the resistors. 



divides inversely 



d. Total resistance in a parallel circuit can be found by the formula. 

Rt = I 

1/ + 1/ + 1/ 



Rt = 1 

Total resistance in a parallel circuit is always less than the 

valued resistor. 



smallest 
14 



17. To continue our review, solve the circuits below; 



a. _ 



,R 2 



b. ET 10VJ_^ 



El 



El2 



30 



30 



RT = 



El 



V. £2= V 



a. 15 



b, lOV, lOV 



c. 



E2 20V 



IF 



ET V E,s V'E2= 20V 



d. 



r 



4A 



f 1 !A 



1,2 



c. 2QV, 20V 



d. 3A 



I 1 6A 



e. 










'2 4A 






> — ^AA/ — 


! J 


>.3 5* 







It 



e. ISA 



15 



6^ 



f. 2.4 
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The total power (P^) dissipated in a parallel DC circuit is equal to the applied 

voltage times the total current. _ „ 

Pt -Et X 1^, 

The power dissipated by each individual resistor in a DC parallel circuit is 
found by multiplying the voltage applied to it by the current through it. 

Pl=EixIi P2 = E2xl2 
19. In the circuit below find Pt, Pi, and P2. 



30V 






w, 



p 



2 



W 



120 W 



90 W, 30 W 
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olving parallel circuit problems we must keep not only the parallel 
cuit characteristics in mind, but should be ready to make use of Ohm's 

X E=IxR, I=E, R=E 

R I 



1 



E^:i20V I 




20 -TL 




1 will be asked to find values as those which follow: 

El = V =_ A R^= ^ Pt = ' W 

Eg = V I2 = A Pj = W 

1^ = A P2 = W 

>-re are several methods of attacking this prebiem. Here is one example: 

Ej E2 will equal 120V as shown by voltage characteristic. 

I| = 120V = 6A, I9 = 120V • = 4A obtained through use of Ohm's Law. 

1^ - 6A+4A= lOA as shown by current charjtcteristic. It could also 

have been determined by Ohm's Law if H has been found 
earlier. 

R^ = 120y = 12 obtained through use of Ohm's Law. R^ also can be 
lOA found by use of the reciprocal formula. 

t =5 or 12 

1/20 + 1/30 W 

= remember power equal current times vdltage. 

= lOA X 120V = 1200W using 
the power formula P. = x I 

P, = E, X L or 120V x 6A = 720W 

ill / 

P2 = E2 X or 120V X 4A = 480W 



/ 

/ 
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19. Solve the circuit below. 



Ey = !80V 




30 -n_ 




60 



Eg - 



Si:; 



P2 = 



w 
w 



El = 180 V 
Eg = "W V 



L = 6 A 
A = 3 A 
It = 9 A 



^t " -i^ 



P. = 1620 W 
Pj =1 080 W 
Pg = 540 W 



A parallel circuit with additional branches is similar in solving. 




You may have to find values as these. 

__V 1^-6 A 
V = J A 

V 



^1 = 
Eo - 



^3 = 



A 



Pt = 
Pi - 



W 

w 



P3 = W 



I 

/ 
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One approach to this problem is: 



A. 

B. 

C. 
D. 

E. 
F. 



E2 = 3A X 40^ = 120V using Ohm»s law. 

Et, Ej, E3 = 120V applying the voltage characteristic. 

It = 6A, Ii = 2A, I2 = 3A values given. 

= 6A — (2A + 3A) = lA applying the current characteristic, 

Rt = 120V = 20jv using Ohm's Law/ 



= 120V (Et) X 6A (I^) 

Pi = 120V (Ej)x 2A {Ii) 

P2 = 120V (E2I X 3A (I2) 

P3 = 120V (E3)x lAClg) 

20. Solve the circuit below: 
\ = lOA 



720 W. 

240 W. 

360 W. 
120 W. 



O 




R3=80. 



I3 = 2.5A 



=25A 



Find the following values: 



E2 = 
E3 - 



V 



h 

h 
12 

^3 



10 A 

A 

2.5 A 
2.5 A 



Ft 
Pi = 

P2 = 

P3 = 



= a 



W 
W 

w 
w 
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Answer to Question 20: 



El = 


200 


V 


h 


= 10 


A 


= 20 




= 2000 W 


E2 = 


200 


V 


II 


= 5 


A 




Pi 


= 1000 w 


E3 = 


200 


V 


^2 


= 2.5 


A 




Pz 


= 500 W 




200 


V 


h 


= 2.5 


A 




P3 


= 500 W 



^ 4 
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PURPOSE OF STUDY GUIDES. WORKBOOKS, PROGRAMMED TEXTS AND HANDOUTS 

Study Guides, Workbooks, Progranmed Texts and Handouts are training 
publications authorized by Air Training Conmand (ATC) for student use in 
ATC courses. 

The STUDY GUIDE (SG) presents the information you need to complete 
the unit of instruction, or makes assignments for you to read in other 
publications which contain the required information. 

The WORKBOOK (WB) contains work procedures designed to help you 
achieve the learning objectives of the unit of Instruction. Knowledge 
acquired from using the study guide will help you perform the missions 
or exercises, solve the problems, or answer questions presented In the 
workbook. 

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material 
under one cover. The two training publications are combined vrfjen the WB 
is not designed for you to write in, or when both SG and WB are Issued 
for you to keep. 

The PROGRAMED TEXT (PT) presents information in planned steps with 
provisions for you to actively respond to each step. You are given 
inmcdiate knowledge of the correctness of each response. PTs may either 
/ replace or augment SGs and WBs. 

The HANDOUT (HO) contains supplementary training materials in the 
form of flow charts, block diagrams, printouts, case problems, tables, 
forms, charts, and similar materials. 

Training publications are designed for ATC course use only. They 
are updated as necessary for training purposes, but are NOT to be used 
on the job as authoritative references 1n preference to Technical Orders 
or other official publications. 
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ALTERNATING CURRENT WIRING SYSTEMS 
PBJECTIVE 

To help you in learning the: 

- Definition of alternating current 

- Characteristics and advantages oi alternating current 

- Principle of operation of transformers 

- Purpose and principle of operation of various wiring systems 

- Principle of operation of motors and motor starters 
INTRODUCTION 

When electricity first came into use. Mr. Edison held patent rights on 
the dynamos which were the power sources. These d.c. machines usually 
served an area jof about a mile and a half radius because beyond this dis- 
tance,, line lossf was too great. Since d.c. cannot be transformed, power 
was generated at the same voltage (about 110 volts) that was used m the 
homes and shops. 

While d.c. was in use, and the existing patent rights were m force, 
ex-periments with a.c. were being pe^rformed. It was discovered that^'pr ) 
commercial purposes, a.c. held many advantage s . ^ 

I. Alternating current ( a. c . ) could be transformed - voltages 

could be stepped up or stepped down by use ot a transformer. 

I. Because a.c. could be transformed, smaller transmission 
lines could be used, and a. c. could be transmitted ove r- 
longer distances more economically than d.c. 

i. Moat a.c. motors have no sliding contacts; therefore , they 
require little maintenance. 

As patent rights expired, the use of a. c. spread until at the present, 
most of our commercial power is a.c. 
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FUNDAMENTALS OF A. 



Definition of A*C« 



Alternating current may be 
defined as a current which changes 
direction at regular intervals. (See 
fi^gure 1. ) 

It may also be defined as a 
current which increases in value 
at a definite rate from zero to a 
maximum positive value, and again 
decreasing to zero, as shown in 
figure 2. 

Generation of A.C* 

To generate a voltage mecha- 
nically, either a. c. ord.c, three 
things are needed; (1) a magnetic 
field, (2^) conductors, and (3) relative 
motion. Combine these three, move 
the conductors or magnetic field, and 
a voltage will be generated. 





Figure 1. Alternating Cur tent 



A simple a.c. generator con- 
sists of a single turn coil or wire, 
a permanent magnet, two sliprings, 
and two brushes. Each end of the 
coil of wire is connected to a slip- 
ring. The two slinrings make up the 
rotor and this rotor is mounted 
between the poles of the magnet so 
that it is free to rotate on its axis« 
External connections to the sliprings 
are made by means of the brushes 
that are held stationary by the insu- 
lated brush holder and make contin- 
uous contact with the sliprings. (See 
figure 3.) 



SINE WAVE FORM FOR AC 




Figure 2. A.C. Voltage Curve 
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Generators are our primary source of a.c. AU mechanical generators 
generate a. c. ; however , . d.c generators convert a. c, tod^c. through the 
use of a commutator and brush assembly. 



The ^ine Wave . , 

U yju make a graph of the voltage induced in the conductor at various 
points, you will obtain an interesting curve, shown in figure 4. Plot the • 
various points in degrees along the horizontal axis and the ij^eight of the 
voltage induced along the; ve rtica l axis. Use the horizontal axis as a ref- 
e'rence for ^ero voltage. Consider the voltage induced in one direction as 
ppsitive and that in the opposite direction as negative. 




/a 






Y 8cf 2 2 5® 2 70^ 3 1 5* 3 60° 


CP 45° 90^ 135*^ e\ 

F 






mw 

7k 



Figure 3, Simple Generator 
An Alt^?rnatioo 

By studying the sine wav^e in 
,^'^are 4, an iu.ter nation might be 
explained a's a generation of voltage 
from zero to maximum and back to 
zero in only one direction. In figure 
4^ It would be represented between 
points. A to E, or the 180 degrees 
represent the positive alternation, 
E to*A in figure 4 represents the 
negative altern&don. 



The Cycle 



Figure 4. Graph of Induced Voltage 




t SEC 



PERJOO- 
CYCtE - 



ONE SECONO- 



A. C . Cycle and 
It.- Components 




In electricity, the A.C. cycle 
ns r^epresented by the following symbol, ^ \^ , Again study figure 4 
for an explanation of the cycle. A to A (3 60 electrical degrees) represents 
one^ cycle of alternating current or voltage, A further explanation of the 
alte rnati on ancf cycle can be aeen in figure 5. 





POSITION A 




POSiTiON I 




POSITION C 





o 
> 



I 



POSITION F 




POSITION Q 




POSITION K 




W3SITI0N I 



1^ 


1 




D 


E 

























0 45 90 13S ItO nS 270 315 360 
OECftEiS OF ROTATION 



POSITION E 

Figure .6. Generation of a Sine Wave 



Fr«'quency 



The number of times^ each cycle occurs in a period of time is called 
the frequency. The frequency of an electric cu^-reat or voltage specifies 
the number of times a cycle recurs in one second. The. rate at which the 
current changes direction of flow is twice the frequency of the alternating 
current. If 120 reversals of current occur each second, the frequency of 
the alternating current is IZQ/Z or 60 cycles per second. 

You have learned that current flows from negative to positive. For 
d,c. this is easily shown on a graph with a straight line. . Alternating 
current also floA^s from negative to positive; however, polarity of con- 
ductors in <in a,c. circuit is constantly changing. With sixty cycle current, 
the polarity of the conductors wilt change 120 ti^es per second. 

Most l&rge a. c. generators are designed so that the magnetic field 
(an electromagnet) rotates, causing the lines of force to move across the 
stator coils, inducing a voltage in the stator coils . 

Speed of commercial alternators is very closely controlled in order to 
keep the frequency cycles per second (cps) constant. Frequency of a.c. is 
standardized at 60 cps in the United States. Many foreign countries use 50 
cycle current. 

For a picture explanation of generation of a.c. sine waves, alternation, 
cycle and frequency, study figure 6. 



Phase of Current and Voltage 

^^en current and voltage pass 
through zero and reach maxin^um 
values at the same instant, current 
and voltage are said to be in phase. 
(See figure 7 • ) 

Inductive Reactance 

When ^n alternating ^current 
flows through a qoil of wire, the 
rise and fail of the current flow, 
first in on© direction, then in another, 
sets up an expanding and collapsing 
magnetic field about the coil, and 



E M F 




Figure 7? Current and Voltage 
in Phase 



ERIC ' 



induces a voltage in it which is opposite in direction to the applied voltage 
and a current flow that opposes any change in the alternating current. This 
property of a coil to oppose any change in current flowing through it is 
called inductance . 

The opposition to the flow of 
current which inductances put in a E.mf. 
circuit is called inductive reactance. 
In a purely inductive circuit, the 
current reaches a maximum value 
later than the voltage, LAGGING the 
voltage by 90^, or 1/4 of a cycle. 
(Degree of lag may vary.) (See 
tii; are 3. ) ^ 

Capacitive Reactance 

Another important property in 
a.c, circuits, besides resistance 
and inductance, is capacitance. 
Capacitance is represented by a 
capacitor, (See figure 9.) Figure 8. Effect of Inductance 

Any two conductors separated by aninstilator wiUhave the property 

of capacitance. In any electrical circuit, a capacitor serves as a store- 
house for electricity. 

When aqi alternating current is impressed on the circuit, the charge on 
the plates constantly changes. In figure 10, the electricity must flow first 
:roni Y clockwise around to X, then from X counterclockwise around to Y. 




e 



CAPACITOR 



AC GENERATOR 



Figure 9. Capacitor in an Figure 10, Capacitor in an 

A.C. Circuit A.C* Circuit 



Although no current flows^through ^ 
the insulator between the plates of the 
capa^:itor,' it is always flowing in the 
remainder of the circuit between X 
and Y. In a circuit in which there is 
only capacitance, current LEADS the 
applied voltage as contrasted with a 
circuit in which there is inductance, 
causing current to LAG the voltage. 
See the effect of capacitance in 
figure il. 

Capacitance offers resistance to 
any change in voltage. The opposition 
caused by a capacitor is called 



E.M.F 



CURRENT 




capacitive reactance . 



Figure 11. Effect of Capacitance 



Rectifiers 



We refer to the changing of a.c. current into direct current as recti- 
fication. Rectifiers are devices that act like a valve permitting current 
to flow in only one direction. Copper oxide and selenium rectifiers are the 
two principal types of metallic rectifiers. A Selenium rectifier con- 

sists of a prepared film of selenium on a metallic substance such as iron. 
Both types permit current to flow more readily in one direction, from the 
metal to the film. Higher output v^ol^,^e can be handled by connecting 
several in series. Higher current can be handled by arranging the recti- 
fiers in parallel. 

Using one rectifier the output will be half-wave pulsating d,c. (fig. 12). 
Two rectifiers (or fou^ rectifiers as shown in figure 13), are r^uired to 
obtain full-wave rect&ication. 

AC SOURCfe 

i \ 



i5 



« -I 



INPUT TO RECTIFIER 



RECrrFIER 



DC LOAD 

A/WW 




OUTPUT FROM RECTIFIER 



Figure 12, 



Half- Wave Rectification 
7 





AC SOURCE 



AC INPUT 




DC OUTPUT 
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Figure 13. Full -Wave Rectification 

TRANSFORMERS AND POWER 

The term "transform" means to change. An electrical transformer 
is used to change the electrical characteristics of voltage and current. 
The use of transformers is widespread. Our everyday lives involve the 
use of many transformers, most of which are never seen by us. 

Transformer Operation 

In studying characteristics of current, you have learned that about 
any conductor carrying current, there is a magnetic field, and that three 
things are required to generate voltage mechanically. They are: 

1. A conductor. 

2. A magnetic field. 

3. Movement of the conductor across the magnetic field, or move- 
ment of the magnetic field across the conductor. 

t 

These characteristics and principles make operation of a transformer 
possible. 

8 



A transformer coniiiti of three wain parts (see figure 14). They are: 

1. The primary coil - the coil to which voltage is applied. 

2. The secondary coil - the coil from which the voltage is taken. 

3. The core which may be iron or air serves to provide a'path ^ 
thro^h which the magnetic lines of force gravel.; 



IRON COttE 



MAGNETIC FIELD 
IN IRON CORE 



PRIMARY 
CURRENT 
to AMRS 




SECONDARY 
CURRENT 
200 AMP. 



2400V 



PRIMARY 

COIL 

«00 TURNS 



RATlOi 



120^ a 



T 



SECONDARY 

COIL 

30 TURNS 



TUflNS IN PRIMARY 



60O 20 
30 ^ ! 



TURNS IN SeCONOARY 

Figure 14, Transformer Construction 



If an a, c. source of voltage is applied to the primary coil, a .magnetic 
field will build up and collapse with each alternation. The lines of force 
from the magnetic field of the primary coil move across the secondary coil 
of the transformer, inducing a voltage in this coil. (A magnetic field is 
moving across a conductor.) The core provides a path for the magnetic 
field to travel through, and may consist of iron or air. 

A direct ratio between the number of turns of wire in the primary \ 
coil and turns of wire in the secondary coil exists. If there are more turns 
ox wire in the secondary coil than in the primary coil, voltage will be 
increased* or stepped up. If the secondary coil has fewer turns of wite 
than the primary coil, voltage will be decreased, or stepped down. To be 
more specific, if a :u*ii£ormer has a ratio csf one turn on the primary to 
four turns* on the secondary, secondary voltage will be four times greater 
than primary vol age, 

9 
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The secondary coil of a tran^* 
forrrer may have more than two / 
eiectrio^l connections, or '*taps, v 
so that rkore than vone voltage may 
be obtained from one tr^sformer, 
as shown in figure 15. tXhis trans- 
former is referred to as a multitap 
transformer, and niay be a combina- 
tion step^apand step-downtransformer , 

The center tapped transformer 
is a multitap transformer, and is 
used to obtain two v^oltages, as shown 
in figure 16. Center tapped trans- 
formers are used to provide voltages 
of 110 and 2Z0 volts in our homes and 
businesses* 

Single -Phase Power 

Frequently, we encounter the 
terms ^'single -phase^' and ^'three- 
phase*' when referring to electrical 
power. To the observer, single and 
three -phase transmission lines differ 
little. Since electricity is an abstract 
thing I the easiest way to explain 
phasing of electrical power systems 
is to explain the generation of power. 



PRIMARY 

o 
o 



COIL 



:} 



STEP 
DOWN 



S STEP 
«* UP 



Figure 15. Multitap Transformer 



-±r. — 220V 



I i 



I 



Figure 16. Center -Tap Transformer 



You have noted that, as a con- 
ductor moves through a magnetic 
field, a voltage is induced in that 
conductor. Figure 17 shows a single 

conductor moving through a magnetic field set up by a two poll* magnet. As 
the conductor rotates, the maximum number of lines (orce kre ciUt a» thte 
conductor passe h the pole pieces o( the magnet, approaching pne f3?om the 
top; the other from the bottom, and alternating current is produce^. 
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\ 




B 





Figure 17, 

The output voltage, if plotted on a ^raph, would be the sine wave 
form for a.c. (See figure 18.) 



In this case, the conductor would 
have to make one complete turn to 
prpducc one complete cycle of a,c. 
This single conductor moving pist 
the magnetic pole pieces produces a 
single wavefrrm which we refer to 
as single -phase a. Note that two 
wires are required to transmit single- 
phase power. 

Three -Phase Power 

To generate three-phase power, 
three conductors, spaced 120 elec- 
trical degrees apart share the same 
magnetic field (see figure 19). Since 
the three conductors cannot cut the 
maximum number of lines of force 
at the same time, three waveforms^ 
or phases are generated. 




Figure 18. 
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1 — ' : 

=2.77 



Figure 20 shows sine waves for 
three-phase a. c. 

It would appear that six con- 
ductors would be required to trans- 
mit three-phase power, however, 
it has been learned that phases can 
be made to share conductors, and 
three conductors can efficiently con- 
duct three-phase power (see figure 21), 




Figure 19* 



The primary reasons for using 
three-phase power is for efficient 
transmission of power and operation 
of electrical motors. Three-phase 
motors are simple, rugged, and 
require little maintenance. 

Three-Phase Transformer 

Practically all power in the 
United Stated is generated as 60 cycle, 
three-phase alternating current and 
is supplied at the point of use as 
single -phase or three-phase alterna- 
ting current. Voltages available at 
the point oi use depend somewhat on 
the type of transformer connection. 



PHASE C 



> 




Figure 20. Output of a Three-phase 
Alternator 
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The tr&.nsformer we are con- 
cerned with is'^'WYE*' connected. 
The wye connection is extensively 
aged (figure 22) and is commonly 
referred to as a 3 -phase, four -wire 
system. 

The neutral wire allows single- 
phase 120 volt. From the neutral 
wire to any phase lead, 120 voLt 
single -phase is available. Across 
any two-phaste leads 208 volt single 
phase -is available . Across all 
three -phase leads 208 volt three- 
phase is available. 




mow 




Figure 21. Three-phase Alternator 
'With Three Conductors ' 



PHASE UAO <MOT VlfRE) 



PHASE LEAD ( HOT WtR£ } 



TRANSFORMER 




SECONOARV COtL f CSl BOX 



Figure 22, Four-wire System 

Voltmeter readings with the wye connected secondary ^ould be: 

A-B = 208 volts Neutral - A = 120 volts 

B-C = 208 volts Neutral - B = 120 volts 

C-A • 208 volts Neutral - C - 120 volts 

Note that when the neutral wire is used with any combination of A, B, 
or C, 120 vol!.i • * available* Any combination of A-B, B-C, or A-C will 
provide 208 volts single phase a. c, power. Three-phase power is 
obtained using At B. and C* 

Single-Phase Wiring Systerrts 

Wh*n single -phase , 120-volt power is required, two wires will be 
sufficient tor power transmission* One of these wire^ will be a white 
covered wire. This wire is referred to as the neutral wire, and should 
notice fused. The neutral wire should be grounded by means of a ground 
rod driven in the earth, or a cold water pipe may be used in some areas. 
Grounding one conductor provides a path for lightning (static electricity) 
to discharge to earth. 

1 . 
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In addition to the neutral line being grounded the "ho,., i- , 
conductor) will be fus^it^In m„t wiring svsten,.' f (ungrounded 
Will be located in the m>n or feeder Une n^T * f " 
breaker Will be capable of carrying' thr:„,XdTjlb"nrH 
and .-an be used .n emergencies to turn o« all electrLa/p'ow^r!" (Se? 



r«?OM 

DfSTRiSUTION 
TRANSFORMER 
^ 200 VOLTS 



120V 



X 



NEUTRAL 
NOT FUSED j 




20 
AMP 



/ AMP 

J . yil/jiSL, 



Figure 23. Fusing System 



Branch circuits will K*» f,,a^j 
capacity „ot to exceed the L^e cu;^^^?"''^''" - 
All s^ches and co:,trol devices sho>^db ' °' """it. 
c-cuit. This . a necessarv^Cp/ecaut-r' 



208 ';Tr;a^1i:h1Lt?:,--,*':- ^ ----»t .r both 120 and 

.nces su h as air con^ditiZrV electric 
and scm^^ power tool, require 208 ^0111 ^ 



A,multitap traacformer ii ased 
tojtrovide two volUgei of single- 
phase power. The center tap of the 
transformer is the neutral, and is 
grounded to earth. The other two 
wires are "hot" wires, and will be 
fused. (See figure 24. ) 



i 



NOT (colored wire) 



g NEUTRAL (wHfTE WIRE) 


P HOT 


(colored wire) 







Figure 24. Multitap Transformer 
(Center -tap Transformer) 



If the neutral (white) wire is in 
use as a conductor to a motor, it is 
called a neutral. Single and three- 
phase 208-volt motors do not require a neutral wire for their operation. If 
the white wire is a part of the motor circuit, a separate ground (green) wire 
will be used for the safety ground. The white wire should never serve a 
dual purpose --that of being a ground wire and a conductor to the motor. 

For i20-volt circjiits, the neutral (white) wire and a hot wire (colored) 
are used. Two hundred and eight -VOU Circuits use the two hot (colored) 
wires. Circuit breakers should be the dual type", meaning that if either hot 
wire is overloaded, both circuit breakers will trip simultaneously. Dis- 
connecting both hot wires will prevent possible injury to anyone servicing 
the system. An equipment ground should be used on any electrical device, 
unless it is specially designed^to prevent contact of any electrical conductor 
to exposed metal or the operator. . - . 



ACROSS -THE -LINE MOTOR STARTER 

Motors of 3/4 horsepower and above require an across -the -line motor 
starter to provide motor protection, control starting and stopping, and 
to afford remote control. 

Motor circuits and protective devices (fuses, circuit breakers, etc.) 
are sized so that their capacity is 125 percent of the normal full load 
amperage of a motor. Example: If a snotor with a 20 ampere full load is 
protected with a 25 ampere fuse and a #10 electrical wire (see wire size 
chart); this. motor could run indefinitely drawing 25 amperes. Since it 
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is designed to run at 20 amperes under fuU load, running at 2$ amperes 
would eventually burn it out or the windings would be permanently damaged. 
To prevent this dannage and avoid costly replacement of the larger motors* 
the across-tlie -line motor starters are used on 3/4 horsepower and above 
motors. 

A motor starter consists of three or four sets o£ heavy contacts used 
for closing the circuit to the motor, thermal swtches, heaters, and an 
electromagnet (cuil). The contacts are operated by an electromagnet, or 
solenoid referred to as a holding coil. The contacts are closed wheA volt- 
age is applied to the holding coil. Usually the voltage of the holding coil 
is the same as that of the motor controlled by the starter; howeyfiv, appli- 
cations where a Z4-volt coil is used to control a208-volt motor are not 
uncommon. 

'f 

Two circuits are used in motor starters. The circuit used to energize 
the holding coil is referred to as the ^^control circuit. It contains a 
manually operated switch or an automatic switch (thermostat), thermal 
switch, and the holding coil. The circuit to the motor is referred to as the 
'load circuit'' and contains the load contacts (movable contacts), heater 
or heaters, ^nd the load (motor). 

The heaters are special resistors installed in the load circuit. The 
heat given off by these heaters is proportional to the current flow. As 
current flow increases, heat from the heater increases. Located adjacent ♦ 
to the heaters are ^^normally'* closed thermal (heat operated) switches. The 
thermal switches are in the control circuit. If current to the motor 
increases beyond safe limits, heat from the heater causes the thermal switch 
to open and the holding coil is deenergized, opening tlie load circuit. 

The contacts of the thermal switches are usually held open by a mechan- 
ical catch or spring and must be closed (reset) manually. 

In addition to the thermal switch or switches used in the control circuit, 
tkxx additional switch or^s witches may be used to control the motor starter. 
For Example, a manually operated single -pole, j^ingle-throw switch located 
in they controi^ circuit can be used to energize, or deenergize the holding 
coil of a motor starter if manual control is de8ired>^ In the refrigeration 
field, aihgie-poie, single .throw switches controlled by^ pressure (pressure 
c9ntrols)(Or temperature (the rmostits) are used extensively in the control 
circuits of motor starters to start and stop motors (see figure 25)« 
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Figure 25. Single -phase Across the Line Motor Stai'ter 



Sizing of the motor^ stirrer heaters is very important. Heaters that 
haVe greater current ratings than the.#iiotor being operated will not properly 
protect the nnotbr. Heaters that are too small will cause nuisance tripping 
due to normal current flow. 

To determine thf proper heater for a givin motor starter application, 
you must first determine the fulLload amperage of the motor by checking 
the data plate information. Then, using the conversion table for the specific 
motor starter, find the Keafer clumber that is designed for the jfuU load 
amperages of tjs^ motor. Usu^y, this information. is included! in the cover 
of the motor starter* Heaters from one name brand motor' s>arter are 
not inter Change able with other manufacturer's products- No attempt should 
be made to interchange heaters. \ 



Single -phase motor starters require one heater and one thermal switch. 
{See figure 25*) Three-phase motor starters require a minimum of two 
heaters and two thermal switches, (See figure 26.) ; . 
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Figure 26. lliree -phase Across the Line Motor Starter 



Many holding coils are designed' for dual voltage appiicationfi, for 
example one coil may operate on 120 volts and by changing one connection 
the same coil can be used on 208 volts. Actually, these coils ^re center 
tapped and when 120 volt operaUon is desired, only half the coil is being 
energized. 



0^ The motor starters shown in figure 25 and 26 apply full line voltage 
to the motdr when the load contacts close. It is Impbrt^t that you under- 
stand thjeir operation. '* 



Maintenance^ and Troubleshooting Motor Starters' 

Maintenance and troubleshooting motor starters is pretty much limited 
to. three areas--load contacts, the holding coil, and the heaters. 

In the event a motor starter vAll not energize, a voltmeter check at 
the holding coil %^11 dtetermine; i£ all coijtrol circuit switches arf closed. 
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If no voltage !• appUed 30 the coil. pLh the reset button, and check" the 
/;^^romng switch. o> switches {the rA^ostat. pressure switch, or manual 
.>»^ch) to .ee that their contacts are closed. If voltage is appUed to the 
hojding coil, but the contacts still will not close, either the contacts are 
held openmechamcaliy. or the holding coil is open. Gheck for an open 
coU by tu-rmng off the power, and checking for continuity across the ter- 
minals being used for the holding coil. *A reading o£ infinity with an ohm- 
meter indicates an open coil. Most holding coils are easily replaced 
Replace the faulty coil with a li-ke part. - ^ " 

^ Continuity of the heaters of a n^otor starter can be easily cKecked by 
turning off the power, and checking across the heater terminals with an 
ohmmeter. Heaters should show'^ continuity. Hekters for sma^ motors 
will show very low resistance; resistance of heaters for large motors may 
not be- rtieaaurable. U a heater fails to sho'w continuity, replacement is . 
required. ^ / 

/ 

IJie load contacts of motor ,s-tarters are most susceptible to trouble, 
because of heavy cui-rent. and the frequent opening and closing required!'' 

A voltxneter is the best troubleshooting tool a speciaUst has %vhen / 
* it comes to checking load contacts. Comie<pt the voltmeter leads in 
parallel to each aet of contacts, and energizt^ the -fi:'olding coil. A volt- 
meter reading with the contacts closed means that there is resistance 
across the contacts, and replacement or cleaning fs in or<kr. Repeat, 
this procedure for each set of contacts. * ' ^ X 

ALTERNATING CURRENT MOTORS 

An electric motor is a device used to change electricM energy to 
mechanical energy. There are numerous ty^ies of electric motors in use 
throughout the Air Force today and a basic understanding of their operat^ n 
is essential. ^ ' i 



'. AU electric motors are c-onstructcd of the same major components: 

STATOR. The stationary portion of the motor which contains the 
start and run windings. ^ 

ROTOR. The movable portion, constructed of iron or copper bars 
joined by end rings and covered with an iron core. 

END BELLS. Located at the ends of th^ stator, complete the frame 
and house the bearings that aUow the rotor to turn smoothly. 
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The most corrunon t>T?es of motors used today derive their naxtxc 
from the type of rotor used, operating principle, and their starting 
mechanism. The major type of rriotor that you will be working with 
is called the squirrel-cage induction motor. The term squirrjel cage 
is used becauise the rotor look^i' like the exercise wheel used itiside 
a squirrel cage. The term induction refers'^ to the principle of opera- 
tion which will be studied in this section. 

To operate an induction motor, two j^qui*ef^ents must be met; 
a rotating magnetic field must be set up m the stator and a magnetic 
field must be present in the rotor, v • | 



Three -Phase Motors 

To explain how the magnetic 
fields are created, a study of the 
basic three-phase motor will 
enable ypu to view the step^y- 
step process of starting a mag- 
netic field to rotate. 

''The stator of a three-phase 
motor is wound with three sets 
of pole^^^'windings) placed 120 
electrical degrees apart (figure 
27). 

Phase 1 is 120 electrical 
degrees from phase 2, tvPhasg 2 
IS 120 electrical degrees from 
phase 3, which is 120 electrical 
degrees from phase 1. When the 
three-phase alternating current 
is applied to the windings, what 
appears to be rotating magnetic 
field will be created. To explain 
ho^^this rfield ^s crea'ted, a study 
of ^e three-phase a.c.'^sine wave 
ak^ current ^o^s through the 
motor and its effect is necess^ry> 



HASE 2 



PHASE 3 




Figure 27. Three-phase Windings 
120 Degrees Apart 
i « 
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Figure 28 shows the stator and entering current of three-phase power. 
Note that phase 1 is at maximum and phases 2 and 3 are below^ maxinium 
but'equal. This condition will cause phase 1 attd its poles to a&t up a strc«ig 
magnetic field, .while phased 2 and 3 set up weaker magnetic fields. 





Figure 28. Current flow in phase 1 * Figure 29. Current aow in phases I 
sets, up strong field. and 3. One and 3 now have stroriijield. 

Figure 29 ahows^the sine wave and current 2,Z.S electrical degrees 
later. Now phase. l>^and phase 3 are equal, but opposite and phase 2 is at 
zero. Phase 2 does not have a magnetic field. .The magnetic field is now 
shifted from its original position ^d is now between poles 1 ah.d 3^ 



Figure 30 shows the relationsnip aft6 r the current shifts another 22. 5 
electrical degrees. The magn-Jtic field is now strongest in phase 3 and phase 
1 and 2 are equal but below m^iximum. * ' • ' " v 




\ 
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Figure 30." Current applied to phase 3 Figure 31. Phases Z and 3 nbw 
creates a strong magnetic field there. eacV have currient flo>V^ana a 
5 , . rrjaanetic field. 

Figure 31 shows another shitt along the sine wave and finds that poles 
of phases 2 and 3 have set up"a9d share*a common magnetic field, while 
phase 1 is at 0 with no magnetic field. 

As the current continues to alternate, the magnetic field will alternate 
with it. Each change that occurs in ti.e current will create a change- in the 
magnetic field. When this current is applied to motor windings, it sets up 
an alternating magnetic field which foUovvjs the changes in applied current. 

S ' 
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The alternating magnetic field in the stator will* cut ^across t^ie do/per 
bars in the- rotor, ' inducing current in them. As the rotor current is 
inducod, a magnetic field will develqfp around the rods! The magnetic field 
in the rotor reacts with the magnetic field in the stator px^ducing a torque, 
causing the rotor to turn. 



The superb starting torque of a ^throfe ^hasei motor makes it ideal fpr 
application on equipment that requires Wgh torqu^ such as larg^' f^ns, 
compreasops, and large pumps. " . '\ 



To reverse direction of rotation pi a thr^e-phase motoj, just. reverse 
any two power leads. ^ 

Maintenance of thr^e -phase motors is pretty much lijnited to lubrica- 
ting and cleaning. >If sealed bearings are used, only cleaning is required. 
Wiping excessive oU froxr/'the motor and an occasional blowing out of lint 
and dirt will increase motor life by alio' wing jfiie motor to operate cooler. 

The greatest enemy ^three-phase motor is single -phasing. Thisis a ^ 
conditioi5^at exists whe^one line of a tliree -phase 'system is ofien, caus- 
^ing the motor tb operate on single -phase power. Single phasing is evi- 
denced by loss of speed if *he motor is running,. Failure to stajjt or reversal 
of direction of rotation may occur if a three -phage motor attftnjpts to,start 
on single-phase power. Single phasing causes motors to overheat rapidly 
and if the condition persists, the rnotor will burn out. 

• 

^ Three-phase motors can be dhecked electrically by taking three sets 
of ohmmeter readings across fhe motor leads (1^ to I2, .I2 ^3' 
ll to I3). AU three sets of windings should have the same resistance. 
Infinity Readings indicate open motor windihgs. Low resistance readings 
are quite common for large .motors; however, a zero ohmmeter readi^ 
may indicate a shorted motor |winding. If there is reason to suspect a 
shorted winding, an operational check can be made with a clamp -oh a/nmeter. 
Current flow in all three phases sh(Hlid be equal. Variations in current flow 
maybe due to shorted motor windings. , ' . . 

GrQunded motor windings of three-phase motors can be checked by 
placing one lead of an ohmmeter/on the motor lead," and the other on ^ 
frame of the.n^otor. Any reading oi continuity means that insulationiias ' 
failed, an<^ the motor should be repaired or replaced before further -■ 
attempting to use it. 
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Figure 32. Ij^ Motor with Single 
Set of Windings 



START WINDING 



Singte-Phafift Motors ^ 

After attaining running speed, 
the iingle -phase mottor operates' on 
the same principle as that of a three- 
phase motor. However, a single - 
phase motor needs a. suppiernentary 
device to make the initial/ start -<up. 

If a single -phasj^ motor had ' 
only a single set of windings in the 
stator (figurfc 32) and was conne^fed 
to single -phaS^ power, it wduldhum. 
but would not rotate. Hqwever, if 
while it was huzhming, the shaft was 
rotated by hand {in either Mi rrfttion) 
the motor would gain speed and con- . 
tinue to. operate saticfactorily, T^e 
turning of the shaft starts the rota- 
tion of the magnetic field and estab- 
^lishes the induction in the rotor. 

All that is necessary to make 
a single -phase motor self -starting 
is 'to equip it with a device which will 
start the rotation. The "induction - 
start, induction -run" (spUtrphase) 
and the "capacitor" start type motors 
are made self-starting by adding a 
second winding to the stator (figure ^ 

33)^ * Figure 33. 1^ Motor with 2 Windings ^ 

Induction -Start, Induction-Run (Split -^hase) Motor ^ . 

In tiie induction-start,^ induction-run (split-phase) motor, 'the second 
or "start" Avindings contain a much greateV number of turnH (coils) than 
are in the "run" -windings. Because of the higher inductance in the start ; 
windings, &e current in it lags behind the current in the run windings. 
When the start current lags behind the run current, the two currents are 
"out-of -phase" as in the case of thjC fcre^ -phase motor. This condition 
produces the rotating magnetic field needed to start the motor. When tfaf; 
motor reaches 3/4 or 75 percent of the running speed, a centrifugal switch 
automatically opens the electrical circuit in the start v^in^gs. ^rom this 
point on, the motor continues to operate by induction. 




The use o£ the induction-start, induction-run (split -phase motor is 
confined to applications with light loads. This is because the starting* 
torque (initial turning ability) is not very strong.^ Small, fans, pumps, 
blowers, and refrigeration systems with capillary tubes that equalize 
pres.sure when off, use this motor. " 

C^&pacitor -Start Motor 

^ 

The •^Capacitor-start^* motor has a start winding in addition to the 
^run winding. In this type motor, th«re is a ci^pacitor connected in series 
""with ^^^^ start winding. The capacitor produces a 'leading current*^ which 
reftu. .1 the start binding current and magnetic field being "oi^t -of -phase 
wilii til 52 run winding current and magnetic field. This condition produces 
the rotating magnetic field needed to start the, motor. When the'motor 
reaches 3/4 or 75*pcrcent of the runiung speed, a centrifugal switch ayito- 
matically opens thp electrical circuit in the start windings. From this 
point on, the motor continues to operate by induction. 

Because the capacitor has a greater phase -splitting capability, this 
type motor has a greater starting torque, than the induction start motor and 
can be used on heavier Idads. It is able to start compressors with high 
loads and is user' to run medium sized blowers, pumps, and fans. 

^ Si t. 

f ■ ' 

To reverse the direction of rotation .of either the ^*tfplit'phase'* or the 
"capacitor*' start motors, reverse either the start or run winding leads. 

If a Icapacitor -stari motor fails to operate, it may be the c^acitor 
which is at./ault. To check a capacitor to determine its condition, you 
must first discharge it. This discharging is accomplished by crossing 
{shorting) the two terminal leads together. CAUTION: Do not touch the 
bare porticm of the capacit*or l€^s.* It is advisable to always discharge 
a capacitor with a resistor in series with ttic. terminals/ T^iis prevents 
any large surge of current that- .could damage the capacitor sLnd injure you. 
After discharging the capacitoi^, remove it from the unit. Obtain an 
ohmmeter and set* it on Rx 100 scale. Place the test leads on the capacitoi 
te-rir lals. If the capacitor is good, the needle will move to an ohm 
reading and then move slowly back to infinity. If the meter reads zero 
ohmb, the capacitor is grounded or shorted and if the meter reads infinity^ 
the capacitor has an open and must be replaced (figure/34). 
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Figure 34. ^a^citor Check 



ghaded-Pole Motor 




The simplest single -phase motor i«the shaded pol^ motor. A "shaded- 
pple" motor is yne that hag only a singly winding in its stator. The shift of 
the nagnetic field and it ^.accompanying rotation is obtained by "shading" a 
portion hi the pole. . ' , , 



SHADED P01.€S 




SHADED POLES ^ 
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Figure 35. Shaded Pole Motor . 
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Th« ■hsiiing coil it > copper loop similar to a matal ring. Ths shading 
coil is rccsssad off-c«n't«r on the pole. Magnetism, induced in this loop is 
»'out-o£-phase" with the magnetism accompanying this main. windings, ^eing 
out-of -phase shifts or- sets the magnetic field in rotation. • The stiuiriNsl- 
cage rotor is theii dragged around by ind^iction. ' 
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The iha<fed-polc motor has very little starting torque and can bp used 
only on applications with very light loa^is such as clocks* small fans, and 
pumps. ^ ' , 

The shadcd-pole motor coines with the direction of rotation stamped' • J 

on the housing, 'ttiis direction only be changed by disassembly of the 
motor at^d is not practical. _ ^ . 

S YNCHRONOUS MpTOa. The syntkronous^otor is so named because 
the f otor is synchronized with the rotating magnetic field in &e stator 
windings. jThe rotor is coostructed'as^a combination squirrel cage ai;d 
wound type, or in the ca^se of the electric clock a small steel disk is used. ^ 
The n^agn^tic field between the poles magnetizes the disk.' The pole* of 
the rotor will lock in with the poles of the stator and the rotor will rotate 
in step with the stafor*s alternations. 

The speed of rotation of the synchronous motor is determined by the 
dumber of poles aiid the frequency of the alternating current applied to'the 
statori «They come ir speeds ranging fro?n four poletf^(1800 RPM). to 10 0 
poles (72 RPM). . ^ 

The chief advantage of the synchronous motor is its constant speed 
under varying loads. This makes it sui^ble for operating blowers, air 
compressors^ cert ri/ugal pumps, and the household clock. ' ' ' 

Dual Vo^taife jUotori . ' - 

Some motors are designed to operate on dual voltages, for example, 
120 or 208 volts. This is accompliihed by bringing the leads of^the coils 
out of the ^vinding separately, so^at the cdils may be wired in parallel 
fo? low voltage, and in series for high voltage (the voltage drop across - 
each individual coil is the same for both high and low voltage operation). 
(See ftgure ae. ) 
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Parallel Op^raUon for Low Voltage 
Series Operation for High Voltage 



208V 




^ - 



TWO Pole Motor Wirei for 208 Volt 
- Operation 



•Figas-e 36. 
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^^^^Zf^^ operation of dual voltage motors is desirable because ^ 
ZT^^ economy of operation may be realized in some a^XLio^^^ 
tor data plates usually show high and. low voltage connect^ 

Speed o£ Induction Motor* ' ' 

„ ' 'P'"* °^ indaction .motors dependi on two thing.^~-the number of 

pole, m the r.otor, and the frequency of alternating* current ^e • 

deT.^t°"°r 'P"" magnetic .Up)^of a motor ^ be 

determined, uaing the foiTnula*. otjVx - 2 , ^ mwior can oe 

of nol<.« «f 1 * 8 roSTnular^ RPM »^ x'60 x f. where NP« aumber ' ^ 

LeaaurefL itpl^ •r^'^'^^^T'" ^nd th. .peed of the motor i. 

measured in APM; whUe frequency is measured in cyclers per seconds. ^ 

Example: How fast wiU a two -pole moto. run on 60-cycle current ? 

RPM = |x 60 x 60 =I12£ = 3600 RPM ^ ' 

be ab?u' J^o'^rpm':" '^"^ " 'P"'- '^"^ "o-K* 

Magnetic Slip is necessary in order for the motor to delelpp torque. 
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Some iaducticm motors are designed to. operate on dual frequencies-- 
SO and 60 cycle current. Operation on 50. cycle current o-e suits in a decrease 
inRPM. ^ . ' ' ^ 

Insta^atjdn and Maintenance of Mote r a ^ ^ 

Masters chosen for a specific task must be properly rated and protected 
for their work^i Susii" factors as sizd, type o? voltage, inclosure. speed, 
mojonting reqwiiremen^ts, direction of tsotation, torque, type of bearings, and 
temperature must be tonaidered. The fo^mdation of the motor should be 
aecurely mounted and as free as possible from vibration. They must be 
aligned properly to prevent excess w^ar and vibration. 

When V -belts connect a motor to the load, 'die belt tension should be 
from 1/2 to 3/4 of an inch deflection with one to two pounds Of pressure 
applied midway of the motqr and load pulleys. 

Motors with sleeve or bushing type bearings are for light duty hori- 
zontal mounting. Roller or J>ali type? bearings are used in hi^h torque 
motors ahd are* suitable fpr horizontal or vertical rhounting. 

No . specific instructions can be given for Jubrication that will apply to 
ail motors^. It is necessar:y for you to.ccmsult the attached lubrication 
plate and/or pertinent. lubrication order or technical manual pertaining to 
the miiterial o£ which the motor is a part. All lubrication fittings should 
be kept clean to prevent dirt 'from getting ii|fo the bearings. While it i 
important thaf motor bearings have enough lubricant, too much lubricant 
will also da^mage the motor. Excess oil and grease will get into and 
damage the windings and also spill onto the floor, creating a safety hazard. 



SUMMAJRY . 

Altcrnating'^urrent is produced by a mechanical generator. Periodic 
changes in polarity of the conductors causes current to flow in one direc- 
tion/ stop, th^n flow in the ppposite direction. 

•I * 

*A,C. can be transformed, transmitted over, long distances, produced 
economically, and Is ideal ^cfr operating mdtcrs. 
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Standard frequency of current in the United States is 60 cycles per 
'second. Single -phas^ power is used for lighting, small motors, 
appU^ces. Tliree phase power is ideal for operation of large motors. 

A coil in an a. c. circuit causes Lnductive reactance, a condition 
where current lags voltage. 

* 

A capacitor in an a.c, circuit causes capacitive^ reactance. Capacitive 
reactance causes current to lead voltage. 

An electric motor is a device u'sed to change electrical energy intD 
me?:hanical energy. Shaded-pole, split rphase, capacitqr-start, aijid synch- 
ronous motors are single -phase motors used in the refr^e ration field. 
Three-phase motors are used for lar^e refrigeration and air-conditioning x 
systems. J 

Wiring systems using two wires make only one voltage available. Three 
wire systems are used to provide dual voltage, single -phase power when 
attached to a center -tapped transformer. Three-wire Systems arc also 
used to transmit three-phase power. Four -wire systems make voltages of 
120 and 208 volts, single -phase power, and 208 volta three -i^ase power 
available. Fuses or circuit breajccrs are used to protect the main power 
lin^es, as well as the branch circuits. Wire sizes should be determined 
by the load placed on the circuit. * 

QUESTIONS 

1. What is the source of a. c. ? , - 

2. Why does the current periodically change direction of flow in an 
a, c. circuit ? 

r 

3. List three advantages of a.c. 

4. What are the threa parts of a trausforirier ? 

5. What type transformer is used to provide dual voltages? 

6. Whi t is mc%nt by the term 'in phase?" 
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7. . How do«s a «coil in. an a. circuit alfect the relationship' of^current^ 

and voltage ? y 

• ' ' " ' V . .,?, 

8. How does a capacitor affect the relationship of current and vdltage ? 

9. What effect of current flow makes the ope ratioa of, motors possible ? 

10. Which of the singl^-j^Sse motors has the poorest starting torque^^^ 

11. Which of the single-phase motors has the best starting torque 

12. How is a three-phase motor reversed? ' 

^13. List ^liree safety practices to observe when, working on ^an a.d. systetn, 
14.. Why are a. c. power lines grounded to earth? 

REFERENCES 

"1. TO 31-3-1, ElectricaUFundamentals. 
' , ■ : 1 

2. Textbook,^ Modern Refrigeration and Air Conditidning --AUhQuse.^nd 
Turnquist. 

3. Textbook, Commercial and Industrial Refrigeration- -Nelsqn, ^ ^ 

4. Electrical Manuals - - Coyne. 

5. Elect rical Manuals • --Audel* 
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ELEaTRICAL TROUBLESHOOTING 



SG.3ABR54530-U-3 
April 1975 



y :1b help you m learrxing to trace single ahd three-phase electrical 
dii^axns, type* of elcqtricai troubled, and A double shooting procedures-. 

fTRODUCTION ' . • 

' * , / ' . 

If you review St^dy Guide 3A^R5fi530-Il-2, you will find that 
tr.ouble shooting is deflated as a .mean^ -pf systematically locating faults in 
an Electrical system. There are usually three kinds of troubles: 
openi, ♦short Sj^and low pow^r. You will find that troubleshooting a. c. cir- 
cuits is very^ similar to troubleshooting d. c. circuits. In both cases, the 
same procedure and samg^esting devices ar^ used. You may, however, 
find that a. c. circuits are islightiy more complicateji than d. c. since some 
a.c. circuitB^ are in three-wire and four-wire systems. 



A.C. CIRCUITS 



Wiring Diagrams « 

Before. operating a circuit, you should first know the circuit. A lay- 
out of the circuit can be found in wiring diagrams of the system- For ex- 
ample, look at th* diagram in figure 37. By studying motor "G" circuit, 
you will find that the contacts in re;ay "H" myst be in a closed position 
before motor "G" will operate also, in order to close the contacts in relay 
"H, " switch "D" must be closed to^|energize the coil of relay "H. " You can 
determine from this that for motor "G" to operate^ two circuits must be 
in operating condition. Such a E.udy must^e made of any circuit befoi^ 
attempting to operate it dr trouble shoot it.' 
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Figure 37. Single -phase System Diag ram 
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Ope ratiol^ Check 

V 

Studying the diagram will give you knowledge of how the circuit shouM 
normally operate. An operational check should then be made to determine 
if the circuit it faulty, Fo-r example, again refer tb motor "G" circuit in 
figure 37. An operational check would be performed b^ closing switch '*D. 
Relay ^Ti" should close and the motar shaft start turning. If any^tuijg othe 
than this should take place, the circuit is defective anc^ an analysis as to ' 
€he type of trouble and it? location must be made. 



Types of Troubles . - 

In practically all cases, the actual trouble wil\ be one of the following 
types: an open, a short, or low power. Each one. will*be reviewed, 

pPENS, An o|^en circuit is one that has a break in any part of the 
electrical circuit between the unit of resistance and the source of voltagejf 
The effect of an open is that no current can flow so the unit is inoperative. 
(In some instances, a unit might be *^fed back ^'through another circuit. ) 
See the effect of an.bpen in figures 38 and 39. ^ 

In the case' of figure 38, only would be inoperative. In figure 39 
you will see that the location of the open causes L.2 and both to become 
inoperative. 





Figure 38. Open Circuit Single -phase !5»igure 59. Open Circuit Single - 
Two-Wire System. "L^" Out Phase System', "L-, and L^" Out 
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SI;iOBTS._ A short circuit "is one in which a condu.ctor makes contact 
at some p^nt where it is not supposed to i^ake contact. Generally speakf 
mg. there are two kinds of short circuits: direct shorts and cross shorts 



Direct Short,. A^di rect short 's caused by a positive lead coming in 
contact with negative lead, or a blauj^k le£;d toucKing-^a white lead (in the 
case of a single -phase system) and there is not enough resistance between 
therh. As you havfi'ali-eadyjearned. -this type of trouble^causes blown 
fuses or- tripped circirit breakers. (See figure 4Q.) 

Cross Short. A cross short is' contact between the positive leads of 
Wo independent circuits. (See figure 41.) 







BLACK 




^ _ SLACK 




^ SHORT 


90 n 






Figure 40^ ^ DirectShoft 



Figure 4L Positive toPositive'Short 



As you can see this'short caoses two independent units to operate from 
the same switch. In figure 41 even though is open, L2 willb)jrn. It burns 
because there is a complet^i path for current flow from the white wire 
through the lamp and to the black fwii'e. 



A switch or cor^trol device may ' 
be shorted. A shorted switch is one 
that fails to break contact when it is 
placed in the OFF position. This, 
naturally leaves the circuit without a 
control device. The effect of this 
is that the unit operates continuously. 
Figure 42 shows a shorted switch. 
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Fip,tire iZ. Short Across a Switch 



3 Of; 



LOW POWER. Low pow*r causes units to operate impiroperly. Two ^. 
effects are sluggish motoi^s and dim lights. Besides lew voltage, from the 
power source, low power^can be caused by loose , sdirtv^, or corroded cpn- 
nections. Use a voltmeter lo determine what the ca 



Lri.^j, ur curroaea cvn* 
us€v for. iow voltage is. 



Location of Troabie ' " * ' 

As soon as the type, of troubl^ has been determined fr^m the inHi cation, 
the next step m troubleshooting is to select the correct testing device for 
the type of trpubl^p to be ioifce.ted, ^ ^ 

4 \* \ 

LOCATING. Opens. Openfe rnay be located in circuits,, where power 
can be left ON, with a voltmeter. Figure 43 s^ows voltmeter^ indications . 
in a normal operating circuit. . • 




00 000 000 " 00 

128V T28V y Zav I 28V [ 28V T28V . 2aV 2»V QV OV 



Figure 43. Normal Voltipeter Indications 



In figure 44, the voltmeter indications show the location of the bpen to 
be in wire A-1. Exact location is dete rmined between tiie normal and the 
abnormal indications. - 

A test light can be used in locating "Sl^ open, using the sajme procedure 

as with the voltmetef-. Til e main difference is thattbe test light does not 

indicate how much voltage. ^ . 



. q n 



T 

<4. 
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Figure 44. Locating an Open with a Voltmeter 



Opens may be located with any device which will show continuity such 

as a continuity meter, continuity light, Of ohmmetet". These testers are 

used when power is OFF in the circuit. Figure 45 shows an ohmmeter ' 
being used to locate an open in wire A-5. 



A6 A7 A8 




Figure 45, 



Locating an O^en with an Ohmmeter 
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LOCATING SHORTS. Testing devices ^jA?hich indicate fcontinuity are 
usually used m iocating shorts, A voltmeter cannot be used to locate 
cross shorts or direct shorts. ' Leads being^chcckcd for cross shorts or 
direct shorts a^'^ isolated. Figurfe 46 shows a direct short being located 
with ah ohmmeter. Continuity has been found between positive wire, A -4, 
and the negative lead. ^ 

) ' ■ . ■ • 
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Figure 46. Locating a Direct Short with an Ohmrneter 




Tliree-Phase, Four-Wire System 

The same procedure is used to locate types of troubles in three ^<id 
four-wire systems as in two-wire systems.^ The main point is to isolate 

the circuit being tested on the Wiring diagrahi, select the correct 

tXst;ng device and proceed as m the two -wire system. I^or example, in 
ifgare 47, let us suppose that the transformer (primary winding) is the 
defective circuit. A voltage drop across the line betv^een fuse at po'int ''Q'' 
and top terminal at point ' W" proves the wire to be open. There Shcmld 
be no difference in potentiai across these two points. 
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SUMMARY 



Figure 47. 208V 60 Cycle, 3 -Phase 



A.C. troubleshooting i|i similar^ to c. t rouble shodting. The sapie ) 
procedure; is used for both/ 

Voltmeters, ohmmeters, continuity meters, continuity and fest lights 
are used to find the exact location of the trouble, ^ 

V 

r _^ ype i of troubles are opens (preventing the flow of current), shorts 
(ajliowing current to flow where it. is^not desired), and low power (causing 
^i^ggish units). * 



QUESTIONS 



1. What is the indication of an open circuit? 

Z. What is a positive to negative short called? 

3. Which testing device can be L5sed in circuits in which the power is ON? 

4. Which testing device is uied to locate a cross short? 

5. What is iiis purpose of a wiring diajjram? 

39 
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CHARACTERISTICS OF ALTERNATING CURRENT CIRCUITS 
OBJECTIVEff Tabe able to check aiternating current circuits for power. 



1. 
2. 
3. 
4. 

5. 
6. 



ri. 

12. 



^causes inductive reactance in an ac circuit, 
^causes "tirrent to lag voltage in a|i ac circuit. 



Draw the symbol for a coil. 

' ■ < ■ .J 
Using a red pencil to represent ^voltage, and a blue pencii.to represent current, 
show the relationship -of current and voltage in an^duclive circuit. 

What is the letter symbol for inductive reacianee? / 



What is the exposition offered by inductance in the circuit called? (Figure 1) 




1 kmp 




a. Total exposition is 
ohms. 



b* Resistance (measured) of the coil 



is 



ohms 



Figure 1 



A 



oauses capacitive reactance in an ac circuit. 



_ckuses current to lead voltage in an ac circuit. 



7. 

9. , Draw the symbol for a capacitor. 

10. Using a red penfiil to represent voltage, and a blue pencil to represent current, 
show the relationship of current and voltage in % capacitive circuit/ 



What is the letter symbol for capacitive reactance? 



What is the oRp^^ltion offered by capacitance in the circuit called? (Figure 2) 



3 Li 
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a. 

I 



Total opposition is^ 
ohms. 



b. Relistance (measured) of the 



heater is ohms 



' Figure 2. Heater 
13 What is the current flow in the circuit shown ? (Figure 3) 



10CV 



\ 




50 n 





14. 



Figure 3 Figure 4 

WQl the current flow in this circuit (figure 4) be less tl^, more ^han, or equal 
to the current flow in problem 13? 
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15. 



The ammeter will indicate 
(figure 5). 



anips for the circuit shown below 



30V 
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15 n 



16. 



Figure 5 Figure 6 

Will the current flow in this (figure 6) be more than, less than, or equal to, 
the current flow in problem 15 ? ' • 



Checked by 



Instructor 
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CHECKING VOLTACa^ON THREE-PHASE TRANSFORMERS 



OBJECTIVE; To determine types of transformer" connections from voltmeter readings. 

1 . ' ' ■ ■ ( ' . 




Which conductor is the neutral? 



A - B = 120 volts 
vA - C = 120 volts 
B - C = 0 volts 

Figure 7 



2. 




A 


- B-= 


120 volts 


A 


- C = 


120 volts 


A 


- D = 


120 volts 


B 


- C = 


208 volts 


C 


- P = 


208 volts 


B 


- D = 


208 volts 



Which condiKTtor is the i^tral ? 



Figure 8 



Checked by ' 

Instructor 
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WB 3ABR54530-n-2-P3 - 
, Sept«mber 1974 

MAKING PIGTAIL SPLICES 
OBJECTIVE: To make a pigtail splice using a stripping tool. 
I. Procure two pieces of sci-ap electrical wire (approximately 12-inche3 long). 

%i Use the stripping- tofti and remove approadraately 3 inches of the insulation from 
one end of each wire. • k 

3. Cross the wires as illustrate^ in view A, figure 9. . » 

4. Twist the wires as illustekted xii view B, figure 9. 

NOTE: Be sure that both wires twist aroiyid each other. 

* 5. Tighten the wires with a |iair of 
pliers. 

NOTE: A pigtril splice should have 
at least five gtKxi tight turns. 

6. Bend the ends back as illustrated in 
view C, figure 9- 



7, Why is step 6 necessary? 



8. Have the instructor check your 
work. 

9. Repeat'^^thia project as often as time 
' permits. 




Figiire 9. Pigtail ^Uce 



Checked by 



1 



Instructor 
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^ . WB 3ABR54530-n-2-P4 

May X975 

WnUNG 220 VOLT, FOUR -WIRE S'raXEMS 
OBJECTIVE: To be able to wire.ja four-wire 220-volt system. 
INSTRUCTIONS 

Use instructions given below. 

CAUTION; Be sure the trainer ia disconittected from the electrical power supply. 

All jewelry will b« removed pcior ^ starting this project. Rul^r mats 
will be place/d arovoui trainers. 

Wire 220-volt 3-phase, and 220-volt and 120-volt single-phase components. 

Select wire and tools needed for job. 

NOTE: Refer to figure 11 for trainer breakdown. 

1. Locate the master i^pritchboz and open it. ' 

2. Remove the covers of junction box B, K, and C. 

3. Remove cover from motor starter p acd J. 

^. Install ^blaek and a red wire from master switchbox A throxigh condtiit to motor 
starter Dv, ^ 

5. Install a blue wire from mastex* switci^x A to junction box B. 

6. Install a blue wire from Jimction box B through conduit to motor startar D. 

7. Remove lamp switch G and lampholder H* 

8. Install a blue w)re from jimction box B to light switch G. 

9. Install a blue wire from light switch G to lamp H. 

10, Install a white wire from master switchbox A through conduit to lamp H. 

11. Install a red and blue wire from master switchbox A through conduit to motor 
starter J* 

Connecting the wires in master switchbox A. 

1. Using wire strippers, strip 1/4 inch of insulation from the ends of each loose wire 
in master switchbox A, 

1 



3 1 ') 



3/3 



2. Connect as follows: 

a. Black wire - Fuse* #1 ^ * 

b. White wire - Neutral Buss 

c. Red wires • Fuse #2 , ' 

d. Blue wires - Fuse #3 

Connecting the wires in junction box 5. 

1. Using wire strippers, strip 3 inches of insulation from the ends crf^each loose wire 
in junction box B. 

2. Pigtail the three blue wires (re^er to figure 9, page 5). 

3. Tape connection. 

Connecting the wires in the lamp circuit. 

1. Strip 1/ 4 inch of insulation from the ends of the wires at lamp switch G and lamp- 
holder H, 

2. Using longnose pliers, make a loop in each stripped wire end. 

3. Connect one blue wire to each side of lamp switch 

4. Connect white wire to silver terminal of lampholder. 

5. Connect blue wire to brass terminal of lampholder. 
Connecting the wires at the motor staxtera. 

1. Strip 1/4 inch of insulation from the ends of the wires at motor starters p and J, 
Connect the wires at motor starter D as follows-* 



a. Black wire - LI 

b. Red wire - L2 \ . 

c. Bli« wire - L3 

Motor Starter J 

a. Red wire • LI 

b. Blue wire - L2 

Checking the power supply 

CAUTION: Remove jewelry. Stand on rubber mat. Keep hands off terminals. 
Remove tools, wire, etc* from the trainer. 



ERIC 



1. ' ObUiin a multimeter and set it to measure ac voltage I 

CAUTION: Do not connect trainer to wail receptacle unless instructor is present. 

2. Connect trailer to wall receptacle. 

3. Turn the master switch on. 



4. Place the voltmeter leads in the iswitchbox on the wires as shown in figure 10 and 
record the voltmeter readings In the blanks provided. 





vdts 
volts 



volts 



volts 
volts 



volts 



6. 
7. 
3. 
9. 



Figure 10. Master Swltchbox 

What is the voltage at motor starter D? - 

volts Ph. 

What is the voltage at motor starter J? 



volts 



Ph. 



Turn on light switch G. Lamp should light? 

Turn all switches off and disconnect the trainer from the wall receptacle. 
Have the instructor check your voltage readings. 

8 
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10* Raturn meter and tools to storage area. 

J- 

11. ' Return f^ubber mats to storage table. 

12. Clean yoiir work area. 

^ , Checked by ' 

' Instructor 

V 
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Figure 11. Wiring Diagram 
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WB 3ABR54530-n-2-P5 
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OBJfeCTIVE: 



WmCNG TBE ACROSS-THE-XINE MOTOR STARTER 



To determine control and load circuits, to trace circuits, and to deterniUt^ 
correct wiring procedures. 

Motor Starters . > 

1. What type motor startler is shown in figure 12? ■ 

(Do not list the manufacturer.^^ 

2. Arrows, have been durawn to vario\is items on the drawing. Identify the item by 
placing its nomenclature in the blank. ^ 

3. Using your blue pencil, trace the CONTROL circuit on figure 12. Begin at Lj 
and trace through the coil to L2- 



4. Have the instructor ch€fck your work. 



Checked by 



Instructor 




\ 



Figure 12. Single-Phase Across the Line Motor Starter 

11 




3/^ 



What type motor starter is shown in figure 13 ? 
(i>o not list thf manwfacturer. ) 



f 




Figure 13." Slngie-Phase Acros^-the-Line Motor Stirter 

poin^ L'elir^"' !5^th\^f S^'^^ V'^^ --tact 

Huints are ciosed. Begin with Lj and trace through motor to L,. 

Have the instructor check your work. 



Checked by 



Instructor 



1 



,1^ 

V 



12 



<3/f 




8. 

\ 

9. 



Figure 14. Single-Phase Across-the-Line Motor Starter 

Using.your rfed and blue pencil, in figures 14 and 15 trace the control circuit 
in blue and ^e load circuit in red. 



Have the instructor che6k your work. 



Checked by 



In^trvurtor 
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FUSE PANEL l»OWER SUI>n.Y 



NEUTRAL COfiNECTS it^ 
TO STARTER L2 
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MOTOR STARTER 



HEATER 
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Figure 15. Singles-Phase Across-the-Line Motor Starter 

14 



Three-Phase Motfr Starters 

1. Use figure 16 to complete the following, 

a. What type motor starter is shown ?^ 
(Do not list the manufacturer . ) 



THERMOSTAT 



> t 




Figure 16. Three- Phase Across the Line Motor Starter 
To which line is the thermostat lead connected to in the mot^r starter? 



c. 



Draw the symbol for the coil. 



Which circuit (control or load) is the coil in? 



e. Using a red pencil , trace the load circuit. Assume that the contact points are 



closed. 



r 



How many lines r^ust be used to have a complete I okd, circuit for a three-phase^ 
motor ? 



Checked by 



instructor 
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Using a blue pencU be^in at ana trace the control circuit. 

h. Which circuit are the heaters (overloadij in? 

I. Which circuit are the thermal switches in? 

},^' Why is the use .of heaters necessary 

k. What causes the heaters (overloads) to heat i^. 

1. How are the contacts of the thermal switches closed ? 

m. Have the fns tractor check your work. 

Checked by 

Instructor 

Using your red and blue pencil, in figure 17, draw in the control circuit 
blue and the load circuit in red. 

Have the instructor check your work. 

Checked by - 

Instructor 
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WIRING MOTOR STATER CIRCUITS 

I 

INSTRUCTIONS: 

Use instructioas given below. * . , 

CAUTION: Be sure the trainer is disconnected from the electrical power supply. 

All jewelry will be removed prior to starting this project. Rixbber mats 
will be placed around trainers. 

Select wire and tools required for the job. 

NOTE^: Refer back to figure 11 for trainer breakdown. 

1. Remove cover from thermostat E and switch I. 

1, Install a black and a blue wire from motor starter D to thermostat E. 

3. Install a blue and a red wire from switch I to motor starter J. 

4. Using wire strippers, strip 1/ 4 inch of insulation from both ends of the four wires 
yoti installed. 

5. "Using longnose pliers, make a loop in the ends of wires located at thermostat E 
aiid switch I. 

6. Connect one wire to each terminal of thermostat E and switch L 

7. Connect motor starter D as follows: 

a. Black wire 

b. Blue wire right terminal of coil. 

8. Connect motor starter J as follows: 

a. BluQ wire_ 

b. Red wire ^left terminal of coil. 

9. Have instructor ctieck your wiring^ \ 

NOTE: You have completed the first part of today's lesson. Do not put your tools 
away because you will be wiring the electric motors later today, 

CAUTION: Do not connect your trainer to the electrical Dower supply. 

Checked by 

Instructor 
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WB 3ABR54530-n-2-P6 
May 1975 

OPERATIKG cjHARACTERISTICS AND WXRING 
OF i INDUCTION MOTORS 



OBJECTIVE 



To determine operating and electrical characteristics ot motors and Interpret 
information on motor data plates and wiring^ diagrams from motor starters. 

Operating Characteristic of Electrical Motors . ^ 

L A four-pole motor operating on 60-cycie current, has a magnetic slip of 50 rpra. 

a. What is the synchronous speed of Che motor? > . 

- 

b. What is the actual speed of the motor ? 



How fast will the motor operate under load on 50-cycle current? 



d. Will the amperage increase or decrease? 



2. How can you determine if a motor is designed, for dual voltage operation ?_ 



3. If a motor starter formerly used on 60-cycle current cuts the motor off when a 
conversion to 50-cycle current is made, what should be done? 



A multiple speed motor has two, four*, and six poles. What are the synchronous 
speeds of the motor when operating on 60-cycle current. Use the formula, rpm 

f X 60 X j?^- . • 

In order to reverse the motor shown 
in figure 18, change leads ' 

and 
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Figure 18 



How would you connect the motor for high voltage operation? (Figure 19) 
Connect A, . and 



, and 



^. NOT£: l^ual voit^e, single-phase 

motors use the same start winding for 
, both high and low voltage operation. 



START 

}OQOMQl 

RUN 

RUN . ^ 



1/ 



Figure 19 



i 7. Place the following motors in sequence, starting with the motor having the poorest 
starting torque; and ending with tps motor having the best starting torque; split- 
phase, ssTichronous,, Shaded pol^ capacitor, and three phase. 

Poorest Starting 'torque ' 



Best starting torque 



A sin^e-phase, 208-vQlt capacitor 
start motor will not star\. An 
ohmmeter check of the capacitor is 
made, with the results, as shown 
in figure 20* What should the 
repairman do ? 




Figure 20 



Checked bv 



Instructor 



20 



ERIC 



33.1 



3^7 

INTERPRETATION OF INFORMATION ON MOTOR DATA PLATE 

Information: The data plate of a motor reads as follows: Voltage - 220/440; 
Frequtncy -60 cps; Amps -7.2/3. 6; rpm -.1150; Phase - 30; hp - 1/2 Unless other- 
wise stated, the motor la operating on 440 volts. 

1. How many poles does the motor have? 



2, What is the minimum wire size for the motor? 
(Use charts on page 11 of dc study guide. } 

3. What size fuses should be used? 



4. How many wires wttHje required? 




5. The motor is to be controlled by a motor scarter. You are to select the prefer, 
heater for the motor starter. Use the following t^le: 



Heater 


F. L. 




Heater 


F. L. 


V 

Heater 


F. L. 


No. 


Amps 




No. 


Amps 


No. 


Amps 


1 


.2 - 


S 


6 


3. 5 - 3. 9 


11 


7. 4 - 7. 9 


2 


. 9 - 1 . 


4 


7 


4. 0 - 4. 6 


12 


8. 0 -"8. 6 


3 


1. 5 - 2. 


0, 


8 . 


4. 7 - 5. 5 


13 


8. 7 - 9. 3 


4 


2.1 -2. 


7 


9 


5. 6 - 6.3 


14 


9. 4 - 9. 7 


S 


2.8-3. 


4 


10 


6. 4 - 7.3 


IS 


9. 8 - 10. 0 



6, The proper heater for 440-volt operation of the motor is No. 

7. How many hpaters are required for tj^is application ?_ 



8. What is the proper heater number for 220.volt operation? 

9. Ths holding coil of the motor. starter (figure 21) is^ operate at the same voltage 
(440 volts) as the motor. Which terminals shoidd be used? 



10. A thermostat is to be used to con- 
trol the motor starter. The con- 

tacts of thi^ thermostat will be ^ ^ common 

connected in the 



^ 220V 

B » r - - 



circuit. 



c 



440V 



Figure 21 
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When operating on 440 voits, the coils of the motor will be connected in (choose 
one) (series) (parallel). 

The motor starter isj located in an equipment room where the ambient temperature 
is quite high. The coil is connected for 440-volt operation. The motor stops oii 
overload occasionally, but a recording ammeter records a maximum of 3. 5 amps. 
What should be done to keep the motor operating? 



Checked by 

Instructor 

WIRING 1 6 INDUCTION MOTORS 

Using the data plate information and symbols available in figure 22, connect the 
motor to the power supply using the across-the-Une motor starter and thermostat 
to fcontrol the operation of the motor. 

Connect the motor to rotate clockwise. 

Use red pencil to draw load circuit and blue pencil to draw the control circuit. 

What sizt neater will be used for the motor ? 

. (Use tpMe on page 21. ) 

HoW many hot letids are needed to operate the motor? 

What, size wire stould be used? 

(Use chart on page 11 of dc study guide.) 

The coil is connected in what circuit? 



3^ 



POWg«r SUPPLY 
20« VOL! 30 60 CY 





r 



THERMOSTAT 

o 



MOTOR STARTER 




Ql 



Q 3 



CK 

i 

o 



120V 



6 2 



"^MOTOR DATA PIATF 
SINGLE 'PHASE INDUCTION MOTOR 


^N^W LINE 


CW LINE 


VOLTS 120 




RPM t725 






CYCLE 60 






HP 1/3 






AMPS 3 0 




0 v3 


CONT DUTY 



Q^2 




Figure 22 
. 23 
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WIRING 3 JO INDUCTION MOTOR 

1. Using the information and symbols available in figure 23, connect the motor to 
the power supply using the across -the-iine motor starter and thermostat to con- 
trol the operation of the motor. 

2. Use red pencil to draw load circiiit an^^blue pencil to draw the control circuit 

3- What .size heater wil^ be used for the motor?- 

(Use table on page 21. ) 

4. How many hot leads are needed to operate the motor? . 



5. The coU is connected in what circuit? 



6, The direction of rotation can be changed by changing what terminal leads? 
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WIRING MOTOR CIRCUITS 

INSTRUCTIONS 

Use instructions given below. 



6 



10 

u 



12 



13, 



CAUTION; Be sure the trainer is disconnected from the electrical power supply. 

All jewelry will be removed prior to starting this project, i^ubber mats 
will be placed around trainers. 

Using wire strippers, strip I 4 inch of insulation from the ends of the three wires 
at motor starter D 

c- f ■ 

Connect one wire to the ouUet of each heater on motor starter D. {Tj and Tg) 
Connect the remaining A-ire to terminal T2 of motor starter D. 
St.-,p 1 4 :nch of insulation frofn tht ends of the two wires at motor starter J. . 
5. Connect one wire to heater outlet on motor starter J. (Tj) 
Connect the other wire to terminal T2 of motor starter J 
Check ail connections with an ohmmeter to ensure no grounding of circuits, 
vo^i^'work^^'^ ^^^^ ohmmeter to ensure'their completioir-^ Have instructor check 

CAUTION: Do not plug tramers into the power supply until instructed to do so by 
the instructor. 



9. When directed by the instructor, plug in trainer and turn on power. 

Check aii circuits by energizing control circuits for operation of motors. 



Check power supply ii^ main power supply box (TPST SW) with voltmeter set in the 
4U0V ac range. Record readings in blanks provided below: 

fuses*! to 2 fuses 2 to 3 fuses J to 3 



Check power supply at line side of 30 motor starter using voltmeter on 400V ac 
and record readings in biaiiks provided: 

^ine 1 to 2 line 2 to 3_ Une 1 to 3 



Check power supply at line side of IB motor starter using voltmeter on 400V ac 
^d record readings m blanks provided: line 1 to 2 
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14. Turn n£f cimlrnl circuits, main power, and unjjlug trainer. 

15. Remove all wiring Irom the trainer that you have installed. 

16. Replace tools\) pniper storajje area^d clean your area by placing wire in scrap 
wire container, replace rubber matAnd sweep your traii^ area. 

\ • ^ 



Checked by 



Instructor 
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WB 3ABR54530-n-3-Pl 
September 1974 

TROUBLESHOOTING SINGLE -PHASE 120- VOLT CIRCUIT 

1 

OBJECTIV^E: 

To determine location of troubles and to analyze electrical circuits us inff diagrams. 
Analyzing Electrical Circuits Using a Diagram 

! * 
f ' 

1. The wires on the diagram in figure 24 have been numbered 1 through 7. By each 
numbered wire below, list thie unit by letter that would be inoperative if that 
specific wire were open. (Study the diagram carefully. ) \ 




3n 
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INOPERATIVE UNITS 


1 




2 


... - 


4 




A 
% 




K 




6 


1 S% 


» 7 





V 

^ , ( 

Determinmg Location of Troubles by Use of Meters 

1. Note' that the diagram you have been studying is also the diagram of the trainer 
assigned to you by the instructor. ^ 

NOTE; Use only the tog^half , 120-voit part, al the trainer. 

2. Be 9ur« that all control devices are in the OFF position. 

3. Be sure that the trotjble switches at the right end of the trainer are in the OiFF 
position. 

4. CoasMct the trainer to the wall receptacle. 

5. Turn ttie switchbox at the end of the trainer ON. 

6. Turn the 120 V svitchbox ON. 

7. Make an operational check of all the wits. 

NOTE: If there is. a malfunction in the trainer, report it to the instructor. 

8. Obtain a multimeter to be used in locating the trouble. 

9. Start your troubleshooting by turning trouble switch No. 1 (on the right end of the 
trainer) ON. 

29 



FRir 



10. operate ail circuits to determine the defective circuil. 
a. What is the type of trouble? 



b. Where is it icscated? 



c. What meter did you use to find its location? 



11. Turn No. 1 OFF. Turn JMo. 2 ON. Operate ail circuits. Proceed with your 
troubleshooting. Fill in the blanks. 



TROUBLE 
SWITCH 


TYPE OF 
TROUBLE 


LOCj^TION 

> 


METER 
USED 


2 








3 




• 




4 








5 








6 

, „ 









12. Torn ail switches OFF and disconnect trainer from wall receptacle. 

Chcci^ed by^ 

Instructor 



30 



33^ 

WB 3ABR54530-n-3-P2 
September 1974 

TROUBLESHOOTING ^HREE-PHASE CIRCUITS 

OBJECTIVE: 

To use eiectricai meters to determine location of trouble and analyze electrical 
circuits by using diagrams. 

Analysing Electrical Circuits Using a Diagram and Meters 

1. The wires on the diagram in figure 25 have been numbered 1 through 5. Beside each 
wire number in the spaces below, list the unit by letter that would be inoperative 
if that specific wire were open. 



WIRE 
NUMBER 


INOPERATIVE UNITS 


1 




2 




3 




4 




5 





"5^ 



2. Note that the diagram in figure 25 is that of the trainer assigned to you by the 
instructor. 

3. Be sure all control devices are in the OFF position. 

4. Be sure ail trouble switches at the right end of the trainer are in the OFF position. 

5. Connect the trainer to the wall receptacle. 

6. Turn the switch box at the end of the trainer ON. 

7. Turn the 206 V switch box ON. (Only the bottom half of the trainer 208-V part is 
to be used. ) 

8. Make an operational check of aii the units. K there is a malfunction m the trainer, 
report it to the instructor. 

9 Obtain a multimeter to be used in locating the troubles. 
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Figure 25, 208- V ttO-Cycie, 3 -Phase 
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10. 



start your troubieshwting by turning trouble switch No. 7 (od the right end of the 
trainer) ON, Operate all circuits to determine the defective circuit. 



a. What Is the type of trouble ? 

b. Where is it located ?^ 

cv What meter did you use to find its location? 

11. Turn switch No. 7 OFF. Turn sVitch No. 8 ON. Operate ail circuits. Proceed 
with your troubieshcxiting. Fill in the blanks below. 



TROUBLE 
SWITCH 


' TYPES OF 
TROUBLE 


LOCATION 


METER 
USED 


8 








9 








10 








11 








12 









12. Turn all switches OFF and disconnect the trainer from the wall receptacle- 
Checked by 

Ins true tor 



* WB 3ABR54530-n-3-P3 

September 1974 

TROUBLESHOOTING 208- VOLT SINGLE- PHASE CIRCUITS 

OBJECTIVE: ^ ' 

To use electrical meters to determine trouble in 208-volt single-phase circuits 
and analyze electrical circuits by using diagrams. 

Analyzing Electrical Circuits Using a Diagram 

1. The wires on the diagram in figure 26 have been numbered 1 through 12. By each 
numbered wire in the spaces below, list the unit or units by letter, that would be 
inoperative if that specific wire were open. (Study the diagram carefully. ) 



WIRE 
NO 


IKOPERATIVE Ur^ii& 


1 








3 




4 




5 




6 




7 




8 




9 




10 




11 




12 
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Determining Location of troubles by Use of M0firs 

— \ ' \ ' 

1. Note that tha diagram' you have been studying is also the diagram of the trainer- 
assigned to you the instructor, * ^ , 

NOTE; Use only the 208-V, single-phase part of the trainer. \ 

2. Be sure all control devices are in the OFF position'. 

3. ' Be sure ail the trouble switches at the right end of the trainers are in the OFF 

position, 

4. Connect the trainer to the .wail receptacle^ 

5. Turn the switchbox .at the end of the trainer^ ON. 

6. Turn the 208- V, single-phase, switch box ON. ' ^ 

7. Make an operational check of ail the units. 

NOTE: If there is a malfunction in the trainer, report it tfi the instructor . 

8. Oi?iiin a multimeter to be used in locating the troubles, 

9. Start your troubleshooting by turning trouble switch No. 2 (on the right end of 
the trainer) ON. 

10. Operate ail circuits to determine the defective circuit. 

a. What is the type of trouble ? ^ % ^ 

b. Where is it located? 



c. What meter did you use to find its location? 
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11. Turn No. 2 OFF. Turn No. 3 ON. C^rat? all circuits. Proceed with your 
troubieshootini?. Fill m the blanks below. 



TROUBLE 
SWITCH 


TYPE OF 
TROUBLE 


LCXATION 


USED 


1 








2 








3 








4 








5 








6 




, ^--^ 




7 








8 






< 


9 








10 








11 


/' 

\ 






n 









12. Turn ail switches OFF and disconnect trainer from wail receptacle. 

Che$:ked by 

Instructor 

\ 
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WB 3ABR5453Q-n-3-P4 

May 1975 

ELECTRICAL BLUEPRINT READING AND TROL^LE ANALYSIS 
OBJECTIVE: 

To be able to know the characteristics of voltage, current, and resistance in 
circuits. 



Determine voltage drops, currents, and resistances. 
Use Ohm's Law to determine currents and resistances. 
Review of Circuit Characteristics 

1. Answer the following questions as a review of circuit characteristics taught in 

Day 8. Fill in the blanks with the words, VOLTAGE, CURRENT, or RESISTANCE. 



In a beries circuit, 



In a parallel circuit, 
c. In a parallel circuit, 



remains the same, 
remains the same. 



can be added. 



d. 
e. 



In a parallel circuit, total 



causes voltage drop. 



must be 



smaller than that of the smallest unit. 
L In a series circuit, ^and^ 



can be 



added to find totals, but in a parallel circuit only 

can be added. 

To find total resistance in any circuit, divide total voltage by total 
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2, Use information in figure 27 to answer the following questions, 
a. The voltage drop across the primary coil in Uni^ W should be_ 

volts. 



b. Current flow through light Q is_ 

c. Current 11 ow through light S is^ 
d Voltage drop across light S is_ 

wired in 



to light R. 



Voltage drop acrofes the coil in Unit U should be_ 

38 



Amps. 



Anips 



volts because it is 



volts. 




^fOTE: Now that yoa have reviewed cirouit characteristics and traced circuits in order 
to answer the questions in step 2, you are ready to flU in the blanks on the next page. 
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Figure 27. 208-V, 60-Cycle, 3-Phase 

Using Ohm's Law and Circuit Characteristics to Determine Unkr<^wn Factors in 208-V 
3 -Phase System 

1« List in the appropriate blanks in the chart on next page, all voltages ^ currents, and 
resistances which are given in figure 27. 

2. Determine the unknown factors for each unit of resistance either by using circuit 
characteristics or by using Ohm's Law- 



if 
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Using Ohm's Law and Circuit Characteristics in 208-V, Single-Phase 

' q^sll^S'^'^" ^" ^^^^ ^^-^^ Characteristics to answer the following 

a. Units C and G are in what type circuit? (Series. Parallel) 

b- Current flow through the coil in Unit C is 
c. Current flow through unit K is 



d. 
e, 



The voltage drop across the coil in Unit C is 
Current Qow to lights O and P is 



f. Total current flow in the 120 V system is 

g. Voltage drop across unit D is 

h. Voltage drop across unit M is 
1- Resistance of coil in unit C is 



volts. 



ohms. 
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2. Determine the unknown factors for each unit of resistance either by using Ohm's 
Law or by using circuit characteristics. 



UNIT 


E 


. I 


R . 


C 








D 








(Primary 
F Coil) 








G 








K 








L 








M 








N 








0 








P 









I 
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OMigMd For ATC Court* Ust 



ERIC 



35^ 



V A L I 



D A T I O N DATA 



This programmed text has been validated on 53 
students enrolled in ABR 54330 Electrical Power 
Praduction Course. 

* 

The Criterion Examination has a total of 24 
responses with 20 out of 24 being the standard of 
performance. Twenty correct responses is 100%. 

, .The following results indicate time taken to com- 
plete the text and scores obtained on the Criterion 

Examination. 



1 


RANGE 


AVERAGE 


Time 


20 - 65 

Min 


40 
Min 


Scores 


78 - 100% 
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TROUBLESHOOTING 
Opens -Shorts -Grounds -and Low Power 

- Learning Objectives - 

Alter completing this unit of instruction you will be able to: 

IP Define electrical troubleshooting. 

9 Define four fundajnental steps in troubleshooting. 

9 Identify types of '^lectrical troubleshooting. 

\ 



9 iMatch electrical troubles with symptoms. 

9 Identify test equipment used to locate electrical troubles. 

0 Locate tro\^ies on schematics by test equipment readings. 

NOTE: SPETCIAL INSTRUCTIONS TO INSTRUCTOR 

Due tc the complexity of the subject matter covered iathis text, you 
should pay particular attention to the following specific information. 
DO NOT just hand this package to the student. 

This text may be used for initial, review, and/or remedial instruction.' 
How and when it will be used will be determined by the student's retention 
of previously taught relative information and his reading ability. Students 
with poor retention of previously taught prerequisite knowledges should 
be given a demonstration or review in the use of the volt and ohmmeters. 

Students with poor reading ability should be given demonstrations of 
troubleshooting ajid be allowed to perform before being given this te.<t. 

1 
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Trying to correct electrical troubles before knowing the type and location 
is a waste of time and effort. The efficient troubieshooter analyzes the 
symptoms first and then iocates the trouble before any corrective action 
13 taken. 

ELECTRICAL TROUBLESHOOTING is a process of analyzing , locating, 
and correcting electrical troubles. 

The FUNDAMENTAL CTEPS of electrical troubleshooting are: 

# Perform operational check. 
0 Determine type of trouble. 

# Locate trouble. 

A Perform corrective action. 



Match the troubleshooting procedure with its fundamental step(s) 
by writing the letter(s) of the step{s) in the space(s) provided. 



Procedures 



Fundamental Steps 



1. Analyze 



2. 



Locate 



3. Correct 



a. Locate trouble 

b. Perform corrective action 

c. Perform operation check 

d. Determine type of trouble 



Answer: 



I. c, d. 
3. b. 
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The basic types of troubles are: C^ens, Shorts, and Grounds. There's 
an open in the circuit when the conductor becomes broken or is uninten- 
tionally separated. Opens can also occur in the fuse, switch, or any other 
parts of a circuit. Naturally, if there is an open, there can be no current 
flow. Consequently, the units will not operate. 

The symptoms of an open are, inoperative circuit and protective device 
not actuated. NOTE: The protective device should activate only when 
the circuit is shorted or overloaded. 

Study the circuit below and complete the sentences. 



+ 





4. 



The circuit shows an example of a/an 



5. 



The other part(s) of the circuit that could cause the same 



type trouble is /are 



6. 



The first of the four foundamentai steps in troubleshooting is 



to 



Answer: 



6. 



open 



\ 



perform operational che^K. 



fuse, switch, and bulb . 
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The location of an open can be found by using the voltmeter. You should, 
first of all, understand what a voltmeter indicates in a NORMAL operating 
circuit. The drawing below illustrates what a voltmeter will indicate when 
connected at different points in an operating circuit. 

Study the illustration below and complete the sentence. 




7. A voltmeter connected positive -to -negative indicates difference 

in voltage across the two points. A voltmeter connected negative - 
to -negative or positive -to -positive will indicate volts. 

. Zero/2S 

The illustration below illustrates a voltmeter being used to find an open. The 
open is located between the last point of source voltage and the first point of 
zero voltage. 



Study the illustration and complete the sentences below. 



A-l 



A-2 




28t 




28t 




® 



(O 0 

Or 07 



o 
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Answers: 



8. The open is located in wire A - , 

9. With one meter lead on wire A- 1 and the other on wire A-6 the 
meter will indicate volts, 

Zero/28 

10. With one meter lead on wire A-l and the other on wire A-3, the 
meter will indicate volts. 

2ero/28 

11. The symtoms of an open are 



7. Zero 8. A-4 _9. 28 3.0. zero 
and protective device not actuated. 

4 



11. inoperative circuit 



opens can also be found by using the ohmmeter. Circuit must be discon- 
nected from power source because the ohmmeter has its own power supply. 

CAUTION: Connecting an ohmmeter to a live circuit 
will damage the ohmmeter. 

The ohmmeter indicates continuity (uninterrupted good connection) when 
registering zero ohms ( O ) and infinity ( oo unmeasurabie) when circuit 
is open. 

When using an ohmmeter to locate an open in a circuit, the open will be 
located between the last infinity (oo) indication -and the first zero ohm 
indication. 



Study illustration b^low and complete the sentences. 




12. The open is located in.wire A - . 

13. With one meter lead on wire A-2 and the other lead on wire 
A-5, the meter will indicate ohms. 

(zero/ infinity) 

14. With one meter lead on wire A-2 and the other on wire A-7, 
the meter will indicate ohms. 

(zero/infinity) 

15. While using an ohmmeter the power must always be . 

(off/on) 

16. While using a voltmeter the power must always be . 

^ (off/ on) 

/' 

Answer: 12^. A - 6. 

13 . zero 

14. infinity 

15. off 

16. on 
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THERE ARE THREE TYPES OF ELECTRICAL SHORTS: 



Direct Short 
Cross Short 
Shorted Control 




SYMPTOMS OF ELECTRICAL SHORTS ARE; Circuit can't be turned off, 



and protective device actuated. 



A description of each type of short is listed beiow. Under each description 
write the proper symptom(s). 



A direct short occurs in a circuit when the positive and negative wires make 
contact. The contact (direct short) provides a shortcut for current back to 
the power source which bypasses the unit of resistance. As the unit of resis- 
tance is bypassed, current f .'W increases causing protective device to actuate. 

17. SYMPTOM - 



A cross short is caused by the positive leads of two independent circuits 

making contact. The contact (cross short) causes units of both circuits to opera^v 

when only one switch is placed to the closed (on) position. 

18. SYMPTOM 



A shorted control is caused by the contacts of a switch or relay bein^z welded 
closed. The units will continue operating because the switch or relay will 
not open the circuit. 

19. SYMPTOM - 



two circuits operating, from only one control dt^vice, and i nuptipative circuit 



Answer : 



18. 



17. 



Inoperative circuit and protective device actuated. 
Two circuits operating from one control device. 
Circuit can't be turned off. 
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Study illustrations and write information in blanks below. 




MJ 




A-7 




20. Type of trouble; 



21, Type of trouble: 



Possible Locations: 




Symptoms: 



22. Tjrpe of trouble: 



Location: 




C-5 



-2 



23. Type of trouble: 



D-3 ^ D-i^ ^ D-« 

Symptoms: 




D-6 



Answer: 



20. 
21. 

22. 



Cross short. 
Direct short- 



Shorted control 
Open 



.(A-3 A-7) (A-4 A-8) 
Jnoperative circuit and protective 
device actuated 
-switch 

-inoperative circuit and protective 
device not actuated 
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After you Imve performed an operational check (turned switch on), you 
determine type of trouble by the symptoms. 

Match the trouble with its symptom by writing the letter a, b, c, or d, 
in the space by the number of the trouble. 



TROUBLES 



SYMPTOMS 



24. open 

25. direct short 



26. cross short 



27. shorted control 



a. circuit can't be turned off. 

b. inoperative circuit and protective 
device not actuated. 

c. two circuits operating^i^i one 
switch closed. 

d. inoperative circuit and protective 
device actuated. 



NOTE: The OHMMETER is used to locate ALL types of 
electrical shorts. 



Match the trouble with its definition. 



TROUBLES 

28. open 

29. direct short 

30. cross short 

31. shorted control 



DEFINmONS 

a. contacts of switch or relay will 
not open. 

b. positive to negative contact. 

c. positive to positive contact. 

d. incomplete path for current flow. 



Answer: 24. b. 

2F. d. 

M. c. 

2T. a. 



28. d. 

2f. b. 

5U. c. 

' 51. a. 



8 
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After you have performed the operational check and studied the symptoms 
to determine the type of trouble, the next step is to locate the trouble. 

ALL TYPES OF ELECTRICAL SHORTS WILL BE LOCATED WITH THE 
OHMMETER 

When symptoms indicate a direct short or cross short the positive leads 
will be isolated and the resistors (light bulbs) removed from the circuit 
as indicated below. 

Study the drawings and complete the sentences below. 




r:9 




A-2 






A-6 



32. The short in circuit (A) is between wires C- and C- 

33. The short in circuit (B) is between wire A- and negative wire. 

34. Circuit (A) illustrates a short. 



35. Circuit (B) illustrates a 



short. 



Answer: 32^. C-3 and C-8 

33. A-4 

3¥. cross 

T5. direct 
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If the ccBiductor in a one-wire circuit makes contact with the conduit, frame, 
or any other metallic part of the wiring system, the circuit is GROUNDED. 

A ground has the same symptoms as a direct short. Power bypasses the units 
of resistance and goes to ground causing the protective device to actuate. 

A ground can be located with an ohmmeterby isolating the one wire conductor 
and resistors (lamps) in a manner similar to that iilusirated for a direct short. 

Stilly the illustration and complete the sentences below. 




FHAKS 



36. The ground is located b 'tween the frame and wire A - 



J 7. The symptoms of a ground are 



38. The ground is located where the ohmmeter reads 

zero/ Infinity 



Answer: 36, A-5 

37. inoperative circuit and actuated protective device. 
JF. zero 



■ J,,,., 
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Lights burning dimly, motors running sluggishly, and relays chattering 
are ail symptoms of LOW POWER. 

Low power can be caused by a loose connection, dirty switch contacts, or 
conductors too small for the load. 

Illustrated below Is one example of a low power condition. 




39. Voltage drop across the ui^it of resistance in the illustration 
is volts. 

40. A low power condition exist. 

does/does not 

41. Loose connection, dirty switch contacts, and conductors too 
small arc of low power. 

sy mptontis/ causes 



Answer: 39. 90 
4^. does 
IT. causes 

4 
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REVIEW 
Write in the missing wurd(s). 
42. List the throe types of electrical shorts. 



43. All types of electrical shorts can be located with an ohmmeter. 
The ohmmeter reading at the location of the short will be 



44, 



45. 



46. 



47. 



(Zero/ Infinity) 

When two independent circuits are energized by either of their 

switches, the circuits have a short. 

or 

i 

Two independent circuits operating when only one switch is closed 
is the symptom of a short. 

A positive and negative lead making contact and causing a protective 

device to actuate are the, cause and symptom of a short. 

Contacts of a switch welded closed and the unit continuing t\> operate 

wit^i the switch OFF are the cause and symptom of a . 

The positive leads of two independent circuits making contact and 
both circuits' units operating when one switch is closed are cause 
and symptom of a short. 
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42. 



43. 
4*4. 



Direct Short 

Cross Short 

Shorted Control 

zero 

cross 
cross 



/ 



45. 
46. 

47. 



direct 

shorted control 
cross 
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48. Before you use the ohmmeter to locue a direct Short, cross 

short, or ground, you must remove the resistors (light 

the positive leads. 

bulbs) and ^ 

(one word) 



49. 



50, 



51. 



52. 



-J s fh« Piprtrical short(s) which will actuate the 
Write the naine<s) o£ the electrical bnu^uv / 

protective device. 

Ai, actuated protective device Is a symptom of a ground 

A « short. 

ard a . 



connecting an ohmmeter to two de-energi.ed and isolated circuits 

is the last steps in locating a _ 

units fall to operate and protecUve device NOT actuated when switch 
is placed to "CLOSED" position are the symptom? of a/an 



53 The symptom of a ground Is an actuated protective device. 
The ohmn>eter reading at the locatton of the trouble wUl be 



Tzero/infinity) 



— ~" 51. cross 

48. isolate -„ ooen 

49. direct short only 



50. direct 
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CRITERION EXAMINATION 



Which of the fuUuwing statements best defines electrical troablestiooting ? 
.1. Determining the malfunction location. 

b. Correcting malfunctions and preventing a second occurrence, 

c. Analyzing, k)'!atir45, and correcting electrical malfunctions, 

d. '-Prevention of electrical troubles. 



The four fundamental steps of olectricai troubleshooting are: 

a. Perform operational check, determine type of trouble, locate 

trouble, and perform corrective action, 
i). Select test meter, locate trouble, correct trouble, and perform 

ope; ational check, 
c. De-energize circuit, perform operational check, locate trouble, 

and correct the trouble. 
;i. Isolate circuit, select meter, locate and correct trouble. 



An incomplete path for current iTo, in a circuit is defined as 

a. a direct ' hort, 

b. a cross short. 

c. an open. 

d. a low power condition. 

An open in an electrical circuit is Indicated by which of the following 
symptoms 

a. Voltmeter reads zero across the conductors. 

b. An actuated protective device. 

c. The devices operate but not efficiently. 

d. The devices fail to operate when the switch is closed. 
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To locate an open in an electric circuit with the power ON, 
you would 

a. use an ohmmeter. 

b. use a voltmeter. 

c. isolate the circuit into segments. 

d. wear insulating gloves. 

To locate an open in an electric circuit with the power OFF, 
you would 

a. first check across the power source. 

b. . break the circuit into segments. 

c. use an ohmmeter. 

d. use a voltmeter. 



A direct short occurs when 

a. a positive lead contacts another positive lead. 

b. a negative lead contacts another negative lead. 

c. a positive lead contacts a negative lead. 

d. the contacts of a control device stick closed. 



The symptom that indicates a direct short it^ 

a. a blown fuse. 

b. an increase in voltage. 

c. a decrease in current. 

d. an increase in operation. 

To locate a direct short in a circuit, you would 

a. turn on the power and check with a voltmeter. 

b. isolate the circuit and check with an ohmmeter. 

c. replace the fuse and check for voltage drops. 

d. turn the switch on and check with an ohmmeter. 
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10. When checking a circuit for a direct shorn the short will be 
located al which of the following ohmmeter readings? 

a. Between zero and infinity reading.. 

b. At the zero reading. 

c. At the infinity reading. 

d. High resistance. 



11, A positive to positive contact between two circuits is called 

a. a cross short. 

b. a direct short. 

c. an open short. 

d. siiorted controls. 



12. The symptom that indicates a cross short is 

a. an ^.ctuatuated protective device. 

b. two circuits operate from one control device. 

c. the device will not operate when switch is closed. 

d. the switch will not open the circuit 



13. To locate a cross short between two circuits, it is necessary to 

I 

a. have both circuits energized. 

b. check both circuits for voltage drops, 

c. isolate both circuits into segments and check with ohmmeter. 

d. check each circuit separately for continuity. 



14. A cross short will be located at which of the following meter 
readings ? 

a. Zero ohmmeter reading. 

b. Infinity ohmmeter reading. 

c. Zero voltmeter reading. 

d. Voltage reading on voltmeter. 
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A cross short must occur at which of the following locations in 
electric circuits ? 

t 

a. Between the power squrce and control device. 

b. Between the control device and unit of resistance. 

c. Between the unit of resistance and ground. 

d. At the unit of resistance. 

i 

A shorted control Is defined as 

a. a negative lead touching a positive lead. 

b. a switch having a jumper wire attached. 
0. broken contacts in a switch. 

d. contacjts of a switch or relay welded together. 

The symptom that indicates a shorted control is 

a. two devices operate from one control. 

b. an actuated protective device. 

c. the switch wiH not open the circuit 

d. the switch will not close the circuit. 



A shorted control device will be indicated by 

a. an ohnimeter reading of zero. 

b. an ohmmeter reading of infinity. 

c. a voltmeter reading applied voltage. 

d. high current reading on the ammeter. 

If a conductor makes direct contact with the frame in a one-wire 
systen , the result will be 

a. a cross short. 

b. a direct short. 

c. a ground. 

d. low power. 

/ 
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20. 



The symptom that indicates a ground is 



a. lights burn dim. 

b. protective device is actuated, 

c. two circuits operate from one control. 

d. circuit is inoperative, protective device not actuated. 



21. When checking for a ground in a circuit the defect will be located 
at the 

a. zero ohmmeter reading. 

b. infinity ohmmeter reading. 

c. zero voltage reading. 

d. voltage reading on the voltmeter. 



If a circuit device is not getting enough voltage to operate properly 
the trouble is caHed 

a. an open. 

b. a ground. 

c. reverse voltage, 

d. low power. 



23. i he relay in a control circuit begins to chatter when the circuit is 
energized. This trouble indicates a C \ 

\J 

a. shorted circuit. 

b. low power. 

c. shorted control switch. 

d. high voltage. 



24. Which of the following defects would cause a low power condition in 
a circuit ? 

a. Contacts of control device welded together. 

b. Ammeter connected in parallel. 

c. Relay contacts stuck open. 

d. Dirty switch contacts. 
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- Learning Objectives - 



Froni a list oi substances identify 

a. Matter as being anything which occupies space and has weight. 

b. A molecule as being the smallest particle into which a substance 
can be reduced and still retain the characteristics of the substance. 

0. An element as a substance which is made up of the same kind of 

atoms. 

\ 

\ 

d. A c ompound as a substance which is made up of different kinds of 
atoms in chemical combination. » 

0. An atom as the smallest par tide, of an element that can take part 
in ordinary chemical changes. 

From an illustration, identify electron, proton, and neutron as *hree 

1. :ompon°nts of the atom. 

F -om an illustration, identify the charge of an atom as being either 
positive, -negative, or neutral. 

Demonstrate a knowledge of electrical current by selecting from a list 
of statements the one that 

a. defines current as being the movement of free electrons through 
a conducting material. 

b. identifies the unit of measure for current flow as being the ampere. 

c. identifies the effects of current flow as being: heat, chemical 
change, magnetism, and shock. > 

Demonstrate a knowledge of electromotive force (EMF) by selecting 
from a list oi statements the one that defines 

a. Electromotive force as the electrical pressure that causes 
current flow. 

b. the volt as the' unit of measurement for electromotive force. 



ii 



c. chemical reaction, heat, and magnetism as the sources of 
electromotive force, 

6. Demonsfrate a knowledge of electrical resista'^ce by selecting from 
a group of statements the 

a. one that defines resistance as opiwsition to current flow. 

b. one that defines ohm as the unit of measurement for resistance 

c. type of material, hca?. length, and cross -sectional area a3 
the factors affecting the resistance of a material. 

7. Select from a list of statements one that defines an insulator as a 
material having extremely high resistance. 

8. Select from a list of statements the one that defines a conductor as a 
material having low resistance. 

9. From a list of materials, classify each one as an insulator or a 
conductor. 
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MATTER 



Matter is made of particles in motion. 
This moving-particle theory explains 
many common facts such a s evaporation 
of liquids, diffusion of gases, and the 
flow 0 f electrical current. However, 
before y c, u can use the moving-particle 
theory to explain current flow, or why 
some materials such as copper, silver, 
and gold make good conductors of elec- 
tricity and other materials very poor 
conductors, you must identify the par- 
ticles of matter that do the moving. 

To obtain t he answer to these questions 
is the reason you are starting. the study 
of electricity with a basic lesson on the 
structure of matter. 

. 



1 
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Structure of Matter 




The earth and the planets, or anything found on, around, or in them are 
states of matter. It exists in mililons of forms, from the clouds in the 
sky and our food and clothes, to the soils, liquids, metals, woods, and 
rocks of the earth. 

These many forms of matter exist in three states - liquid, solid, and 
gas. As you know, liquids, solids, and gases occupy space and have 
weight; otherwise, we could not identify these states of matter. There- 
fore, everything around us is an example of matter in one form or another. 

Place a check ( ) by the statement that clearly defines matter. 

□ Matter is any substance that has shape and volume. 

^ Matter is anything that has weight and occupies space. 

12 Matter exists as heat, Ught,or sound. 

L Matter exists as solids, because solids are the only state 
that has weight and volume. 





\nswer: |v/ Matter is anything that has weight and occupies space. 
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-iOng ago scientists discovered that the many forms of matter could be 
lipken into smaller particUas. One of the smallest particles to which 
ti\tter can be broken down is the molecule. 

"dentists call the smallest part of any common substance (matter) that 
-till has the properties of the substance, a molecule. The very smallest 
>it of glass that can still be identified as glass is a glass molecule. The 
imallest bit of water t/hat can be identified as water is a water molecule. 
!:!hemical methods can break down most molecules into still smaller 
aarticles. However, when the molecule is broken down into smaller parti- 
cles, the characteristics of the original substance are destroyed. 

Match the correct definition with the proper term by placing the number 
of the definition in the appropriate blank. 
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Matter 

Molecule 



1. Anything which occupies space and has weight. 

2. The smallest particle into which a sub- 
stance can be reduced and still retain 
the characteristics of the substance. 

3. Anything that can be seen and has weight. 

4. Can be broken do^vn into smaller particles 
and still retain its original characteristics. 

5. A substance that can not be broken down 
into smaller particles. 



nswer: Matter 1 



Molecu e 2 



3 
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We now know ihzt the smallest bit of water chat contains ail the properties 
of water is a molecule. But, if we were to break down this molecule of 
water, we would no longer have water, but instead we would have two 
particles of hydrogen and one particle of oxygen. When molecules are 
broken down in this way, no chemical method can separate them further. 
Chemists call these particles of matter chemical elements. Chemists 
also have found that every element exists as tiny particles called atoms. 

If we break down an oxygen element into its smallest particle, we would 
find oxygen atoms only. If we break down geld in the skme manner, we 
would find gold atoms only. An element, then, is a substance made ^of one 
kind of atom that can not be reduced to a simpler substance. Oxygen, 
hydrogen, copper, gold, silver, iron, sulphur, aluminum, carbon^and 
uranium are some of the elements known to nian. 

Match the correct definition with the proper term by placing the 
number of tiie definition in the appropriate blank- 



Molecule 



Matter 



1. 



The smallest particle into which a 
substance can be reduced and still 
retain the characteristics of the 
substance. 



Element 



2. 



A substance yhich is made up of the 
same kind of atoms. 

A substance which is made up of one 
or more kinds of atoms. 



3. 



4. 



5. 



Anything which occupies space and 
has weight. 

Anjrthing composed of two or more 
different atoms chemically combined. 



Answer: 



Matter 



4 



Molecule 



1 



Element 



2 



'I 
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A' substance which contains atoms of only one kind is called an element. By 
chemical action, we can combine element^ to form completely new substances 
called compound^. If we break down ^ter, we would have twa atoms of 
hydrogen and one atom of o!xygen. Water, then, is a. coif 'Nind formed by 
comblring the atoms of oxygen and hydrogen. Rust is 9ik r compound. It 
is produced when the atoms of the iron element and the atoms of the oxygen 
element combine. Sugar, which is a compound, is composed cf the elements ' 
of carbon, hydrogen,: and oxygen. In other words, the atoms of mOfct elements 
will combine with other kinds ol atoms to form compounds. Salt, sugar, 
•paper, and water are all examples of compounds formed by a combination of 
elements. 




Match the correct definition with the proper term by placing the 
number of the definition in the appropriate blank. 



Molecule 

Element 

Matter 

V 

Compound 



1. Anything which occupies space and has 
weight. \ 

2. A substance which is made up of different 
kinds of atoms in chemical combinatioRS. 

3. A substance which is made up of the 

same kind of atoms. ^ 

.f 

4. The smallest particle into which a substance 
can be, reduced and still retain the charac- 
teristics of the substance. 

5. ^ The srhallest particle that retains its identity 

as a part of an element. 



Answer: Molecule 
Element 
Matter 
Compound 



h 
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All matter made up of particles called molecules. These molecules are 
composed of smaller particles linked together called atoms. If the molecule 
contains atoms of only one kind it is called an element. However, by chem- 
ical action, we can combine atoms of one element with the atoms of a different 
element to form compounds. The atom is the smallest particle of an element 
which can enter into chemical change. It is .the combination of these atoms 
ttiat give the particular molecule, element, or compound its distincti-'^e " 
properties., * \ , ' 

f 

Match the correct definition with the proper term by placing the 
number of the definition in the appropriate blank. 



Molecule 
Element 
Matter 
Compound 

Atom 



1. Anything which occupies space - 
and has weight. 

2. A substance which is made up of 
different kinds of atoms in 
chemical combinations. 

t 

3. A Substance which is made up of 
the same V-ind of atoms. 

4. The smallest particle into which 
a subsUnoe can be reduced and 
still retain the characteristics 
of the substance. 

5. The smallest particle of an element 
that can take part in ordinary 
chemical chapge. 



Answer: Molecule 4 * ' 

Element 3 
Matter 1 
Compound 2 

— T 

Atom 5 • 'i-^i' 
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Now let us review fhe information on the Structure of 
Matter. - . 

Scientists call the smallest part of any common substance that still 
has the properties of the substance - a molecule. Chemieal metlKxis can 
bjeak down most molecules into still simpler substances, howevex^the 
.vQriginal substance is destroyed. Chemists caU tti^e simplest substances 
elements. Hiey also have found that every element exists as tiny particles 
called atoms. . When molecules are broken down into elements and atoms 
no chemical method can separate them further. The atoms of most elements 
can combine with others of the same element,or of different elements, /form- 
ing molecules; The molecules may then join in lai^er masses. Molecules 
and larger masses of molecules which have more' than one kind of atoln 
are called compounds. Salt, sugar, paper, and water are examples. If the 
large mass has only one kind of atom,' it is called by the name of the element. 
Icon, copper, i^old, and oxygen are examples. 

Match the definitions with the li^t of terms by placing ||e number 
of the definition in the appropriate blank. - 



■f 



Matter 

Moltjcule 

Atom 

Element 

Compound 



1. The smallest particle'Sf an element that 
can take part in ordinary chenaical 
change. . \ ^ 



2. 



A substance which is made up of different 
kinds of atoms in chemical combinations. 

r 

A substance whi^h is made up of the same 
kind of atoms. 
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4. The smallest particle .into which a^sub- 
stance can be reduced and still retain the 
characteristics of the substance. 

5. Anything which occupies space and has 
weight. 



Answer: 



Matter 
Molecule 

Atom 

Element 

Compound 



Or-' 
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We have discovered that molecules are composed*of very small particles 
known as atoms. An atom is the smallest particle that retains, its identity 
.as- a part of the elemenfjrom which it is divided. A fuither division of 
the atom would yield p^rkcieSHtiat bear no relationship to the original 
element from which they ca^ne. wow let us break down some matter and 
identify the at9m. . [ 



Observe the sketch below, and identify which particles represoit the' 
atom by writing the word ATOM in the appropriate blank. 



Matter 



d d d (T^dddd 



Compound 

— -5 — ' . 



Elements 



Arfswer; 



( ■ ' 



- ^ 0 -0 @ 



^ Atom Atbm Atom 



U atomB are composed oUimH^crttcles/ The eentermost part U kn^wn a^ ^ ^ ^ ^ 
le nucleus. The nucleus of an atom may be compared the aun in our^lir 3o 
^ystem around which plane^revolve. The nucleus accounts for almost all 
le weight (mass) of the atom, and furnishes the force tSM causes* oth^r particles ^ ' 
i the atom to spin around the nucleus in the same manner as the pianette move^ 
1 orbits around the sun. In the sketch below, notice the resembj^ce of 'an 
torn to our solar system. 

?OLAR. SYSTEM ATOM STRUCTllRF 

■'-^'t!^^ X V- O V PLANETS Q -Q .^IN INC^ 

SUN NUCL EUS| I ^ Q i 

• \ 

Blace ak(i^) by each true statement. d 

□ There are at least two different particles contained in an atom. 
Q The structure of the solar system and the atom are identical. 
O The nucleus is the force th^t holds the atom together, 
[j The planets and outer particles are both in continuous motion. 

/ 





%nswer: [Vf, There are at least two different particles contained in 

an atom. u ' 

EJ Ths nucleus lA the force that holds the atom together. 

Bf The planets and outer particles are both in continuous ^ 



motion. 



J 
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The nucleus contains t&o of the three parts of the atom. These two parts are 
known as the proton and the neutron. The proton will always have a positive ' 
charge and every atom must have at least one proton in its nucleus. The symbol • 
used to represent"the proton iiS 0 . The neutron is a sub atomic particle 
found in the nucleus of the atom. Although it has a diameter and mass approx- 
imately equal to the proton, it has no electrical charge. Hence, it can be thought 
of as one prbton^and one electron. The neutrpn is required to stabilize the 
atomic structure of the n^ore complex type atoms. Its symbol is '@ 
The protons and th^eutfons are packed closely together to form the nucleus 
Of the atom. Since, the neutron has no electrical charge and the proton has a 
positive charge, the niicleus of an atom will always have a positive ( + ) 
ch^ge and is th^ particle that maifitains' the sta^^lity of the atom. 



In this nucleus, how many protons and neutrons 
are there? 




NUCLEUS 



( ) Neutrons 
( ) * ^-rotons 

Place a (✓') by each true statement. 

D The neutron does not affect thelftability of the nucleus. 

□ The nucleus will always have a positive charge. . 

□ The nucleus maintains the stability of the atom. 

□ The neutron is responsible for the positive charge of the nucleus: 

Si 

■Q The atom will always have a positive charge. 

■ ^ _ 



Answer: ( 5 ) Neutrons 

( 6 ) Protons 

2] T|ie nucleus will always have a positive charge. 
CZf The nucleus maintains the stability of the atom. 
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Th« third part of tbt atom if ttit ,«laetr(£i« Etfctroas &r« tb0 partieltf ' ^ / 
that circle about the nucleuf of an atom in pftths There ^^H* 

can be aa many as seven (7) sheila/around the nucleus of an atom. Each 
shell will have a number ot electrofui orbiting in it. The number of elec- 
trons that each shell can hoM depends upon the distance of the shell from 
the nucleus, RoweVer,, thelotal number of electrons orbiting in'the shellsr 
wlU be the Same as the number of protons in the nucleus. The electron 
has a negative charge and the symbol is ^ . It is this, negative chs^e 
that heips^ hold the electron^ in orbit around the nucleus, \: ^ 

' ■ ' . * 

In the sketeh of an atom shown below, Identify the three parts of the 
atom by writing the word Electron, Proton, and Neutron in the appro- ^ 
priate blank; - 



4 • - \ 




Answer: 




Now let us review^ the informition on the structure of an a^om. 

/ / ' ' '^"^ 
Observe the^sketch of the at6nf]i||iown below, and answer the foilo 
questions, f 



7 



The "8 P" and the^ N" represent the number of 
protons and neutrons in the nucleus,. 




^ 



1. 

2. 

3. 



4. 
5. 

6. 




8. 

9. 
10. 



. J 

How many^s shells are there in this atom? 

5 

Does the number of protons In the nucleus 
equal the number of orbiting electrons ? 



Does the 7 neutrons have any effect, on the 
electrical charge of the protohs or the 
electrcMis? 



Can the protons and neutrons be separated? 

What particle of\the atom rotates around the 
neucleus? 



What particle accounts for almost all the 
weight of the atom ? • . 

Draw the symbol for a proton. 

Draw the symbol for a neutron. 



What two particles of the atom form the nubleus? 
What does the neutron add to the atom? 



Answer: 1. 2; 2. No: 3. No; 4. No; / 5. Electrou; ~^ 
^ . Nucleus; 7.® ; 8. ®;/9. Proton & Neutron; 
10. Weight or Mass. ^ ' 
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One of the fundamental laws of electricity is that like charges repel each 
other, and \inlike charges attract' each other. This law explains the bond ' 
that exists in the atom between the positively ( + ) charged protons of the 3" 2) ^ 
gucleus and th6 negatively ( - ) charged electrons orbiting around the^ nucleus 
Since the two particles (electrons and protons) have wiike charges they will 
be drawn towaixi each other unUi the positive charge exactly lalances the 
negative charge. This balanced or neutral condition hol^s the electrons in 
the various orbits around the nucleus. Under normal conditions the number 
of electrons in the orbital shells of sin atom wlU be the same as the number 
of protons in the nucleus. Therefore, if the sum of the positive cliarees 
.exactly ^uals the sum oi the negative charges, the atom will be neutral. 

Place a check {y/)by ttje atoms that are electrically neutral. 



B 



0^ O • 





/ 



Answer: 



/ 



A ^ 



\ 



0 - 
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In the nJrmal atom the sum of the positive charges of the protons in the 
nu<:leus exactly equals the sum of the negative charges of the electrons - . 
such an atom is neutral. If for some reason, a few electrons are torn away 
from the neutral atom, the atom' becomes charged and is called a positive 
ion. Therefore, atoms having a positive charge are the result of an atom 
losing one or more of the orbiting electrons. In other words, a positively 
charged atom will have more protons in its nucleus than there are orbiting 
electrons. 

Identify the electrical condition of each illustrated atom by writing 
. tht word Positive or Neutral in the appropriate blank. 






B 



Answer: A. Neutral 



... B. Positive 

y 

C. Positive 

\ 
\ 
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If the electrons that are torn away from the neutral atom (^s expUined 
In the previous paragraph) g^ather on some oW neutral atom. Sat 

of electron*. The resuU would be We atom having a negative chs^rge 




Identlfy^^he electrical charge pf each iUos^rated a^m by writim? 
the wofd Positive or Negative in the appropriate blank. / 





B 



Answer: 



A. Negative 

B. Positive 

C. Negative 
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Now let us review the information on the electrical charges an atom may 
, contain. We know that an atom may havie a numb: of shells with a number 
^ of electrons tsrbiting In each shell, and normally where is one orbiting 

electron for.each proton ip the nucleus.' The sum of the positive changes 
.1 . of the protons exactly equals the sum of the negative charges of the elec- 

^ trons. In other words, under normal conditions atoms are neutral; all 

atoms strive to remain electrically neutral. However, if for some reason 
/ a fqw electrons are torn away from a neutral atom, it has. an excess of 

protons and^s now a positively charged atom. - K the electrons that are 
torn away from the neutral atom gather oti some other neutral atom, it 
/ now has an excess of electrons and is a n^atively charged atom. 

- .• ' ^ " 

Identify the electrical charge of each illustrated atom by writing 
the word R>sitive, Negative, or Neutral in the appropriate blajik. 



A B 



Answer; A. 



B. 



C. 



Neutral 



Positive 



Negative 
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We observed! that some"%lectron3 are close, to the nucleus and others are 
* tarther away. The mip'ber. of sheUs and the number of electrons In each ' 
sh^U depeilds'upon the complexity of the atom. ' The shell closest to the T 
- riuciiius can iiold only two electrons. . The next orbital shell can hold from/ 
. q«e to eight electrons. J^e. first shell must'be Jiu^ with two electrons 
• before any electrons can move into the secqnd shelL Likewise, the second 
shell mast be filled with its^ eight lelectrohs before any electrons appear in 
the third shell:*. Therefore, if there are mere than 10 electrons in the atom, 
an adcStional orbital shell farther away from the nucleus is. required. 

. Observe the sketches below, and draw4n the correct number of electrons 
that each shell should contain. . Remeniber, there are the same number of 
electrons in orbit as there are protons in the nucleus. 



I© ) 






^ Check the back of jUiis page for correct drawii^. 
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«t,lfl now appareot that the first shell can hold up to two electrons and the second 
«hell t:an hold up to eight electrons. Also, each shell (first and second) must Jbe 
filled completely before the third shell is formed. (See Tabiejpage 18 A), ^he^ ^ 
~«quirement to fill the shell compl^tely-before the next shell is formed applites 
only to the first and second shells. Continuing oatward from the nucleus, the ' 
th^rd shell can hold up to 18 Electrons, thie fourth sheU jp co 32 electrons, etc. 
However, the oufrwr shell can hold only up to eight electrons. The next to'the 
outer shell can hold only up to 18 electrons. When the outer shell is filled 
(8 electrons), and the next to the puter shell is filled (18 electrons^ a new shell 
will be formed when another electron is added to the atom ♦ ' ^ . 

f* • ' ' . ■ ' ' 

Refer to the fable on Electron Structure of Atoms on Pag)e 18A. vThis Tabi^ ' 
wiU help you accomplish the following activities. Answer the follo,wing questions: 



1. 



2. 



• 3. 



5. 



If there are eight electrons in the seventh (7th) shell otan 
atom, how many electrons would the 6feh shell hold ? 

What is the maximum number of electrons that can be contained 
in thb first ^hell of any atom ? 

What is the maximum number of electrons that can be contained in 
the second shell/^ third shell and the fourth shell? 



4. Would this atom need a third shell? 



Which of the atoms sketched below contains the qorrect number of 
shells around the nucleus and the correct number of electrons in 
each shell? Place a (/),by the correctly draym atoms. 

B 




/ 0 ® Q \ 



\ 




/ 



Answers: 

1. 18 

2. 2 

3. 8,18, 32 

4. * No 

5^ C. D. 
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5 
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24 
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26 
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27 
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28 
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2 


8 


IS 


32 


14 


2 




77 


Iridium Ir 
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Platinum Pt 
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2 



ATOMIC 
NUHIU 



ATOM 



Hydrogen H 
Helium H« -^ 
Lithitfln Li ' 
Beryllium Be 
Soron 8'* 
Carbon C 
Nitrogen N 
0 

Fluorine F 
Neon Ne ■• 
Sodium Na 
Magnesium Mg 

Aluminum Al 
Silicon Si 
Phosphorous P 
Suiptiur S 
Chiofine Ci 
Argon A 
Potassium K 
Calcium Ca 
Scandium 
Titanium Ti 
Vanadium V 
Chromium ^Cr 
Manganese Mn 
Iron Fe 
Cobalt Co 
Nickel Ni 
Copper Cu 
■Zinc Zn 
Gallium Ga.. 
Germanium Ge 
Arsenic As 
Sdenium Se 
Bromme Br 
Krypton Kr 
Rubidium Rb 
Strontium Sr 
Yttrium Y 
Zirconium Zr 
Niobiwn Nb 
Molybdenum Uo 
Techetium Te 
Ruthe«iiuffl Ru- 
Rlwdium Rh " 
Palladium Pd 
Silver Ag 
Cadmium C2 
iadium In 



SMEU 



f 2 3 4 S 



I 
2 
2 
■2 
2 
2 
2 
2 
2 
2 
2 
2 
2' 
2 

2 
2 
2 
2 
2 
2 

2 
2 
2 
.2 
2 
2 
2 
2 
2 
2 

24 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



1 

2 

3 

4 

5 

6 

7 

8 

8 

8 

S 

8 

3 

8 

S 

8 

8 

8 

8 

8 

8 

t 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

-8 

8 

i 

8 

8 



10/^2 



11 
13 
13 
14 
15 
16 
18 
18 
18 
18 
18 
18 
18 
18 
18 
IS 
IS 
18 
13 
18 

18 
18 
IS 
18 
IS 
18. 



2 
1 
2 

2 
2 

1 

I 
3 
4 

5. 

5- 

7 

S- 

8 
.8 

9 
10 
12 
13 
14 
15 
16 
18 
18 
IS 
18 



tMM U 4m iglttf IS 'B utmm *!< <i iMt CO<flie<«r T6«t »fl Ktwl«> m kiwi KWWSl' ' 

ISA 



i. 



!1 



V ■ ' ■ ■ \ 

It IS possible to determine whether ^ given substance WiU easily release 
electrons by noting the distance the shell is from the nucleus and the 
number of electrons in each sheU, The first shell (the shell next to the 
nucleus) is complete and chemically stable when it has two electrons 
Thft electrons, in this case, are bound tightfy around the nucleus, and 
a gi^eat force is required to dislodge the electrons. The second shell 
must i>ave eight Electrons before it is complete or chemically stable 
If the sheU in quesUon is complete, a superior force would also be 
required to remove the electrons. Npw^ if there arjeonly two electrons ' 
m this second shell, it would surrender the electrons, with relative ease 
The unstable condition and distance the shell is from^the nucleus permit' 
the electrons to be easily dislo(%ed f^om the atom. ^ - ^ • 

Place a ( by the atoms which would more easily release their 
electrons. - 



\ 




' ?' f ' ' ^ 



0-^x 



B 



^ 



Answer: b. \/ 
c. y/ 
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^ In otiier words, when the outermost shell of an atom has eight (8) elec- 
trons, the shell is stable and it will refuse to ^ve up or take on addi- 
tional electrons. We know that the other sheli closer to' the nucleus 

.are alsd^^t^able and wiU net give up electrons^ Therefore, it is this 
Quteii'most shell that detfemilnes if electrons can be drawn away from 
the atom by a small outside force, qphe outermost srtfell is called the 
valence shell ^th^ eleclrons in this/siieil are ealled valence ^electrons 
When the valence 'sfheil of «h atom is more than half full (5 or more elec- 
trons) the atom tends to take on electrons to complete its shell and will 
refuse to give tijem up. If the valence shell is less than half full (3 or 
less) the atom tends to give up electrons. The less valence electrons 
there are- in the valence shell, the easier it is to free them. 



Place a check ( y/) by the atoms, th^t readily give up their valence 
electrons. 




©'\0 0 



■0 




B 





Answer: 



B. 
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Once an orbital electron is removed from an atom,* it is. called a free 
electron. The valence electrons of certain metals are so loosely boimd 
to-the nucleuaf that a small outside force can move the electron from the ' 
atom^ The smaU amount of energy created by room temperature' can 
cause an electron to be moved from the atom and become a free electron 
This free electron may move in any dir^tion through ^he metal in search 
of a positively charged atom. In other words, there is a random move- 
ment of electrons among the atoms witliin the metal. ^ 



When electrons are dislodged from their orbit and permitted to 
" drift outside the bounds of the atoni these electrons ar^ known 
as 

f 

a. valence electrons. v • 



b. free electrons. 

c. random electrons. 



(check correct answer) 



■ / 



- d. ionized electrons. 



^ * 



Answer: 



Free electrons 



V 



r 
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It Is apparent that the e@ electrons moving about, the interior of the metal 
may again recombine with atoms. There is still an interchange of free 
electrons between atoips, but there is no general trend in either one direc- 
tion or the other, Thi^electrons do not actually, f low from one end of the 
material to the other, unless they are forced to do so by the application of 
some external force. The^ are not considered as flowing in the sense that 
an electric current flows. In other words^. to have a current flow, there 
must be a constant pressure -to maintain a steady drift of electrons and a 
suitable path through which the electrons may flow. 

Study the movement of the free electrons in the illustration of the copper 
wire. * 



^'0''^T~~*0 £3^-^ "^-V ^ ^ ^^-N. y^'s'.-^ ^©""^ ^--O^ f 

> ' ; o ! I {( 0 )$i'0 ) \ ( ( o ;U ( o ) J . ( o )]/ o )}/ 



Answer the following questions. 
. 1. Will there be a current flow in this copper wire? 



TYesJ TNoT 



2. Is there an interchange of free electrons between atoms? » 

^ • T^esT TnoT 

3. Once the electrons are dislodged from the atom, do they remain as 
free electrons or do they -^recombine with other atoms ? 



4. Name two requirements necessary to maintain a current flow. 



a. 



' b. 



Answers:^ 



1. No; 2. Yes; 3. Recombine with other atoms; 

4. a. Constant pressure . b. A suitable path to move throug 

22 
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If a poaitively cliarged body (havint too few electrais) aaid a negsttively - 
charged body (having an excess of^lectr^ns) are placed at opposite ends 
of the copper wire, the fre^electrons in the copper wire will be attached 
to the positively charged body. The force caused by the two differently 
charged bodies cause all of the free electrons to move in the same direc-' 
tion through the wire. The random ;n9vement of electrons no longer ' 
prevails. The movement of these free electrons through the corSucting 
cbpper wire toward the positively charged body constitutes an elei 
current. 



study the illustration below. 



\ 



Answer the following questions. 

1. Does the movement of free electrons in the wire indicate a 
current flow? 

2. The electrons in the wire move toward the positive charge. 

3. What force causes the electrons to drift through the wire? 



4. What is the name of the electron in the outermost shell? 



Answer; 



1. Yes; 2. Yes- 3. Differently charged bodies; 
4. Valence electrons 
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WKen a battery is applied to the Wire, an excess of electrons is applied to 
one end of the wire jwid a deficiency electrojis at the other end. The 
free electrons are caused to flow or drift t^wa!rd the end with a deficiency 
of electrons. This'i« the same condition explained in the pre violas para- 
graph - two uitlike charges. Ib the general drift of electrons along a wire 
parrying an electric current, each Electron, travels only a short distance 
before colliding with and becoming attached to an atom. However, this 
collision knocks off one or more eltctrons from the atom \.hich become 
free electrons. In this manner the general drift continues throughout the 
entire length of the wire. This drift of electrons through the wire is referred 
to as a "FLOW OF CURRENT^ t? 

\ Check ( \/) the correct answer below. 

The definition of electrical current ;s the 

a, flow of electrical force through a conducting material. 

.b, . movement.of free electrons through a conducting material. 

c. flow of magnetic flux around a conducting material. ' 

d. result of ohms through a resistive material. 



I 

Answer: b. 
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Now let review \h€ taformattjon on the theory of current flow. The tendency 1 
of an atptn to give up its electrons depends upon a characteristic called jJ.0O 
"Chemical Stability. " An atom is said to be stable if its vaUe^ice shell iS 
full; that is, when the valence shell contains eight v^le^ce electrons. A great 
amount of force is required to dislodge the ele^ctrons of a chemically stable 
atom. When the valence shell of an atom is more than half full, the atom 
tends to take on electrons. When an atom's valence shell is less than half 
' full, the ^tom will give up electrons. When a small amount of force is added 
*to a valence electron, it will move out of the valence sheU and become a free 
electron. If the movement of electrons is controlled so that thj» free electrons 
move in the same direction at the .same^me through a conducting material, 
we have a flow of electrons which is called electric current. ^ 

a>feck ( / ) the correct answer. ] //0" "J^V^ 




1. Identiiy the valence electrons of the 
atom. (Place a check in the appropriate 

blank) 

2. When electrons are dislodged from an atom and 
allowed to move ii^" any direction through the 
material, these electrons are known as 

a. electrical current. 

b. random electrons. 

c. free electrons. 

d. free ions. 

3. The definition of electrical current is the 

a. movement of electrical force through a conducting material. 

b. flow of magnetic flux around a conducting material. 

c. movement of free electrons through a conducting material. 

d. flow Of chemicaUy^table atoms through a conducting material. 



Check tf^e back of this page for correct answer. 
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Horn that we know ir— eltctronc in tim torm of tlictrical currtnt am b» 

moved from point to point in a conducting material, the unit of meaaure* jjws ^ 
ment for electrical current can be presented. The negative charge of an ^Q^^ 
electron is called an elemental charge, and it is the smallest electrical 
charge which has been discovered; The positive charge of a proton is also 
called an elemental charge. t'heQe charges are equal and 'opposite in elec- 
trical strength. Since the mobile member of the atom is the electron, it 
moves this charge through the conducting material. The rate at \vhich the 
elections move this charge through the material determines the amount of 
current flow. 



When we measure electrical current, we determine the 

a. strength of each electrical charge. 

b. flow rate of the current. 



Answer; 



o 

ERIC 



c' charge that is carried by the electron, 
d. chaise remaining on the proton. 



! ^ 

V 
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The number of elemental charges that pass any point in a conducting 
material each second is the rate of flow of electrical Current. However, 
the elemental charge |s too sniail for practical use. ; This charge is so *^ ' 
small that it would require several sheets of paper to record the amount 
of current used in your home in one day. ' We must have a number of 
elemental charges measured as a unit of current. This unit is called a 
coulomb. It takes 6, 250 miUion billion elemental charges to make one ' 
coulomb. The coulomb is tfie unit quantity, or unit charge that is com- 
puted when determining the flow rate of current. 



When we measure current, the unit charge used to determine the 
flow rate per second is the 

a. coulomb. 

b. elemental charge. 

c. electron. 

d. proton. 

« 

< 



Answer: a. 
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The rate at which a current of water flows through a pipe is expressed as 
a certain number of gallons or cubic feet per second" In the same way 
a current of electricity may be expressed as a certain qi^ity of charge 
flowing per second past a certain point in the conducting ikateriaL As vom 
r know,, we use the coulomb as the quantity of charge that goes by per ' 
second. The rate at which the unit charge flow is measured is amperes 
If one coulomb passes a point each second, the cdrrent flow would be one 
ampere. Therefore, ampere is the number of coulomb^ passing a point - 
per secqnd in a conducting- material; The unit of measure used to express 
the rate at which current flows is the ampere. 

The unit of measure for current flow is the 
a. elemental charge^ 

h. proton. 

• / 

c. ampere. 

d. electror. 



Answer: 
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Now that we know that current is the movement of electrons through a con- 
ducting material, and the total amount of charge transferred by the moving 
electrdns is measured in amperes, let us discuss the force that causes 
the movement of the electrons. You should remember that when a wire is 
connected between a point with an excessive number of electrons and another 
point with a deficiency of electrons, there will be a .movement of the free 
electrons. This movement is explained by the fact that an electrical pressui. 
exists whenever there are more electrons at one point than at the other The 
greater the difference in the number of electrons, the greater the electrical 
pressure and the greater the amount of electron flow. This electt^ical pressure 
between the two points is known as a difference of potential. 

The movement of electrons through a conducting materiU is the 
result of 



< 



a. the elemental charges. 

b. a difference of potpntiai. 

c. two positively charged atoms. 

d. , two negatively charged atoms. 



Answer: 



b. 
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When two bodies have unec^ual charges, a difference of potential exists 
between them. T|iis-difference of potential causes a current to- flow. , 
However, the drUt of the electrons ^ill tend to neutralize the unequal ^ ^ 
charge of the two bodies and no :dif|6rence of potei^tial will exist. There- 
fore, we -must have a force thatiwill maintain the difference of potential 
between the two bodies. Iti other words, we i?mst have a force that wilL 
remove electrons from one point and, pile up electron^ on the other. - 
This force is known as electromoUve force. Now, if a device that caases 
a continuous electromotive force is connected betweert two points^ a - 
difference of potential is maintained and a continuous current will flow. 



40<b 



The electrical force that causes current flow through a 
conducting matterial is called 

a. elec^tromotive force. 

I 

b. electron flow. 



c. unequal charges. 

d, ■ coulombs. 



\ 



s 



Answer: 



a. 
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In order to maintain a steady flow of current, we must have a continuous 
electromotive force. That is/ one end of the wire must ha^e aiji excess of 
electrons and the other end a deficiency of electrons. 

Note in the illustration to the right v 

that, the electrons flow away from 
•one post of the battery and^ tbward 
the other post. The reason for 
this is that a battery creates an 
excess of electrons at one post 
aid it has a deficiency of elec- 
trons at the other post. The 
battery then is a constant source 
of eiectrornotive force. 




The pressure or force that causes current to flow is -called 

a. the elemental charge. 

b. electromotive force. 

c. electron flow. 

d. a deficiency of electrons. 



i 



\ 

■ 



Answer: b, 

'1 ^ 1 
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This electromotive force, or pressure, is usually abbreviated "E. M. P n 
This EMF is expressed in units called Voits^ The volt is a unit of electro^^ 
motive force and is measured with a device called a voltmeter. When the 
EMF of a battery is mentioned, it is raferred to as having a certain number 
of volts. The same is true of the wall plug in your l^ouse. When we measure 
the EMF of the plug, we say that there are 110 volts available. 

The electrical pressure that caiises current flow through a conducting 
material is called ■ 



a. an elemental charge. 

b a deficiency of electrons. 

c. electromotive forc^. 

d. electron flow. 



(Check the correct answer) 



The unit of measurement for electromotive force is the 
a. ampere. ' 



b. watt. 

c. ohm. 

d. volt. 



(Check the correct answer) 



Answer: 



c; d. 
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To summarize: When t^o bodies have unequal charges, a difference 
of potential exists between them. This potential difference causes a current 
to flow. The two bodies are maintained at a continuous difference of poters- ' 
tial because of a constant source of electromotive force which creates an v 
excess of electrons at one point and a deficiency of electrons at the other 
point. This electromotive force driving the current is measured in volts. 
One volt, when steadily applied to a conducting material that has one unit 
of resistance, will produce a current of one ampere. 

- Check the correct answer - 

The electrical pressure that causes current to flow through a 
conducting material is called 

a. electromotive force. 

b. electron flow. 

c. a deficiency of electrons. 



d. 



electron force. 



The unit 



of measurement for electromotive force is the 



a. 



ampere. 



b. 



resistance. 



c. 



volt. 



d. 



ohm. 



Answer: 



a. ; 



c. 
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In order to cause electrons to move in the same direction through a conduct- "V/^ 
ing material, an electromotive force must be available. Several m'd[hods 
can be used to supply the electro motiVe forx!e. The voltaic cell is orie way 
in which an electromotive force can be produced. . The ceH consists of two 
metals, such as zinc and copper, place& in a solution of acid and water 
The resulting chemical reaction produces an electromotive force between 
^ the two metals. The zinc take/ on a negative charge and the copper metal 
takes on a po^tive charge. The metals thus become positively and negaUvelv 
charged respectively and in this case an electromotive force of about 1 5 
volts is produced. .The same action takes pl2.ce in the common flashlight 
battery^or automo^pe battery^ 

One method used to supply electromotive force'is by 

a. chemical reaction 

b. two like charges 

'(Check the correct answer) 

' * c. two unlike metals 

d. a solution of acid and water 



\nswer: a. \ 
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Another method used to li^od.^ce EMF is by heat. For example, a thermo- 
couple is a device which iconvei'ts heat directly into electromotive force. 
The thermocouple consists oi two dissimilar metals in contact. The metals 
can. be copper and iron or any other dissimilar metals. When a conducting 
material connects the dissimilar metals and the point of contact of the two 
is heated, an EMF is developed which causes current to ^f low in the connect- 
ing wire. Note that the copper gives up its free electrons 
which flow through the connecting wire to the iron. This 
gives us a negative and positively cH&rged body which 
causes current flow. 



Two methods used to supply electromotive 
force is by 



^0 r^Mi0 



a. heat and chemical reaction. 



b. heat and two like charges. 

c. two unlike metals and heat, 



d. two unlike metals and a solution of acid. 



Answer: a. 



4 ' S 
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The third method used to produce EMF la by magnetUm. When a current /4 

flows through a conducting material a magnetic field is set up around the 
raatenai. If we take a copper wire and form it into a coil, the magnetic 
field will be very strong. Now if we take another copper wire and move 
It through the magnetic field we wiU produce an electromotive force in ' 
the moving wire. In order to produce EMF by magnetism, we must have 
three necessary fa'ctors: a magnetic field, a conducting material, and 
relative motion. ^ » 



The three sources of electromotive force are 

a. current, voltage, and resistance. 

b. magnetism, heat, and chemical reaction. 

c. voltage, heat, and mechanical reaction. 

d. chemical reaction, relative motion, and magnetic field. 



Answer: b. 



36 



4 19 



o 

ERIC 



■ m 

Now let us review. Current 4s the movement of free electrons through a con- 
ducting material. The unit charge transferred by moving Electrons is expressed 
in coulo^nbs. The rate at which .the unit charge flow is measured in amperes. 
The external force or electrical pressure that cause a continuous current flow 
is known as electromotive force, and the unit of measurement for it is the volt 
There are three methods of producing this EMF. One method utilizes chemical 
action between two different metals in a solution of acid and water. Another 
method Aitilizes two different metals and heat. The third method involves rotatim 
conductors (wire) through a, magnetic field. •Each method creates more electronf 
at one point than at the other - thus current flow. 

(Check the. correct answers) 

1. The definition of electrical current is the 

a. flow of electrical for^-e through a conducting material. 

b. movement of free electrons through a conducting material. 

c. flow of magnetic force through a conducting material. 

d. result of resistance through a conducting material. 

2. The unit of measure for current flow is the 

a, elemental charge. 

b, coulomb. 

c, ampere. 

d, electron. 



3. The pressure or force that causes current to flow is called 

a. the elemental charge. 

b. electron flow. 

c. electromotive force. 

d. a deficiency of electrons. 

4; The unit of mo^urement for electromotive force is t^he 

a. ampere. 

b. resistance. 

c. volt. 

d. ohm. 

5. The three sources of electromotive force are' 

a. current, voltage, and resistance. 

b. magnetism, heat, and chemical reaction. 

c. heat, light, and mechanical reaction. 

d. chemical action, relati ve motion, and magnetic field. 

^wer: 1. b; 2. c; 3. c; 4. c; 5. b. 37 
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'bt drift of free electrons througii a ccmductii^ material is oUIed cur^t 
low. To set this stream of electroria.in motion, we must have an electrical 
-ressure which we 6ail the electromotive force. Since an electrical current 
i dependent on movthg electrons, any collision with other electrons or recom- 
Ining with other atoms for a short period of time will tend to oppose or resist 
urrent flew in ^he coiiduCting material. In other words, when electrons *are 
orced throVgh a conducting material, the friction between the electrons'and 
toras whicA form the material holds back the electron flow and this restric- 
ian is call^ opposition to current flow. 

The restriction created by the collision of electrons as they move through 
a conducting material is called 

a. 'opposition to current- flow. 

b. movemeift^of free electrons. ' 

c. opposition to proton movement. 

d. electromotive force. 



Answer: a. 
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The opposition to the flow of current offered by a conducting material 
is called resistance. Ail conducting material has a certain amount of 
resistance. The amount of resistance k a material depends on the 
number of valence electrons that can be detached from the atom and 
become free electrons. Materials which offer the greatest opposition 
to current flow are those that will not easily give up the valence eiefctrons 
around its atom. We say that these materials have high resistance. 

« 

A. 

The opposition to current flow in a conducting material is 

known as - . 



\ 



a. w resistance. ' ^ * 

b. electromotive force. . , > 
c- amperes. 

d. reactance. « ^ . , . . ^ 



/ 



Answer: a. 



The xsppoiiticm of a matcrikl to « f|«tady electron flow ia called its resU- 

tance. The flow of current In ^ material depends Okppn it| molecular 
structure and the ease with which electrons can.be cpetached from the 
atofti of the material. The easier it is to detach electrons from the 
diiom, the more free electrons there are to contribute to the flow of 
current, the'mdre electrons flowing the less resistance there is in the 
material. 



The opposition to current flow in a conducting i^aterial is 
* known as ■ 



a. voltage. * 

b. reactance. 



^ 0. resistance. 



conductance. 



Answer: 



c. 
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The unit of measurement for resistance is caUed an ohm. ^d the in'kru - ' 
ment by which resistance is measured is called an ohmmeter. Just as 
the volt and ampere.are units of meanurement, the ohm'isa unit of 
measurement for resistance. Wh6n we measure the opposition of current 
flow of a material, we express the results in ohms of resistance. 



The uni,t of measure for resistance's the 



a. 



volt. 



b. 



ampere. 



c. 



watt. 



d. 



ohm. 



Answer: 



d. 
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Let us review. Expertraents show that materials offer a certain oddo- 
sition to the passage of an electrical current which we call resistance 
It is neces^ry. therefore, to apply an electromotive force (voltage) " 
at the terminals of the conducting material to produce a flow of^rrent 
through It. It IS found that the value of a steady current produced^ in 
Ln^'^H ' ""^^^"^^^ ^^^^'"y proportional to the electrical pressure 
fs su^h'rh.?! ^""^S^^?^ ""^^ resistance is called the ohm. The ohm 
^ lb such that a conducting material is said to have a resistance of one 
' ohm when an applied EMF of one voit causes a current of one ampere 



The opposition to current flow in a conducting material 
is known as . if 

a. fconductor. 

b. resistance. 

c. reactance, 

d. amperes. 

The una oi measure for resistance is the 

a. volt. 

b. watt. 

c. ampere. 



>^j- onm. 
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The opposition to the flow of current offered by a conducting material is 
called resistance. ^ Now let's talk about some of the things that affect 
resistance. Different materials have a 'different resistance to the flow 
of electrons. Ouf lesson on Atomic Structure pointed out that some 
materials gave up electrons easier than others. ■ Materials such as 
gold, silver, copper, and>alurainum which have one, two, or three 
valence electrons make the best conducting material. The valence elec- 
trons of these materials can be easily removed from its atom and be- 
come free electrons. If we apply an external force, we can move these 
electrons in a desired direction with very little opposition. CXher mater- 
ials, suet] as wood, glass, and rubber, are composed of atoms %vith tightly 
held electrons. These materials offer considerable resistance to the 
transfer of electrons. 

One factor affecting the resistance of a material is the 



a. 



type of material. 



b. 



applied voltage. 



c. 



type of current. 



d. 



proton, movement. 




-■Answer: a. 
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The type of material is probably'fhe most important factor affecting the 
resistance of a material. However, there are othejr factors. The lon^-er 
the conducting, material, the higher the resistance is going to be. The* 
resistance to moving -electrons depends on the number of collisions with 
other electrons and atoms. Therefore, the. greater the length of the 
material, the greater will be the number of collisions, and consequently 
more resistance. If a conductor one foot long has a resistance of 5 ohms 
then a conductor nude of the same material two feet long would have 10 
ohms resistance. 



Study the illustration. 



one foot lon^ 



5 ohms 



copper wire-y same material 



10 ohms 



two foot long 



Write the name of two factors afiecting resistance of a material. 



1. 



Answer: 1. Ty^e of material 



Length 
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The i/iext factor is the cross -sectional area (how big around it is) of fhe - 
material. The effect of the cross -sectional area is opposite the effect 
caused by the length of the material. A materiarone foot long and 1/4 - ; 
inch in diameter has a resistance of 10 ohms. conductor made of the 

res^stfnPP '''t; """^ 1"^ ^''^ ^"^^ ^" diameter, >ftuid have 2. 5 ohms 1 
lesistance. The greater the cross -sectional area, the grekter space the ' 
electrons will have to move before bumping inio other elections or atoms. ' 
Reduce the collisions between electrons and we have less r^is^ance . The V 
resistance of a material is directly proportional to the length and inversely » 
proportional to the cross -sectional area. 



Study the illi/stration. 

one foot long ^ 
j ~10^ohmi j 1/4 inch in diameter 



two feet long 
20 ohms 



- SAME MATERIAL - 



1/4 inch in 
diameter 



1/4 inch in 
10 diameter 
ohms 





1/2 inch in 
diameter 



Three factors affecting the resistance of a material are the 

a. cross -sectional area, insulation, and electromotive force 

b. length, type of material, and chemical reaction. 

c. temperature, voltage, and current.. 

d. type of material, cross -sectional area, and length. 



' 

Answer: d.» 
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, We have covered three of the factors afi;ecting the rePistance of a material 
They are the type, length, and cioss -sectional area o.f the material. The 
fourth and last factor is the temperature: As you apply heat to a material, 
movement of electrons increase. This increase in electron movement ; 

. causes more collisions between the electrons and these collisions cause 
the resistance to increase.' U current is forced through a material that - 

* offers considerable opposition to the transfer of electrons, tht temperature 
will b6 high. Current floWin any conda<?ting njateriai wiir produce some 
heat. However, it is the increase of the exterAal temperature that will cause 

^ the 'increase of resistance in a material. • 



The jfour factors affecting the resistance of a material are 
the > . ■ ' - 

r 

a. ' type of material, appiied voltage, proton 

movement, and heat, 

b. length, chemical action, current, and insulation. 

c. electrbtnotive force, temperature, cross- » 
sectional area, and diameter. 

d. type of material, cross -sectional area, length, 
and temperature. ' 



,\nswer: d. 
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In order to have current flow, the electrons must have a path to move 

electrical circuit is a closed path for the flow of electrons; 
The starting point is some type of device to create electjjomotive forces 
such as a battery. The circuit is not complete until the conducting path 
can be traced back to the starting point where the electromotive force 
originates. This conducting path is known as a conductor. % 

Match the letter of each term to the appropriate definition in the 
left hand column. 



Definition 

1. A unit of measurement for 
Electromotive force 

2. A unit of measurement for 
current flow 

3. A unit of measurement for 
resistance 

4. A path through which 
electrona^an move 



Term 



] 



a. Volt 

b. Ohm 

c. Amperes 

d. Conductor 

e. Resistance 



J 



Opposition to current 
flow 



Answers: 1. a 

2. ^ 

3. _b 

4. d 



Now let s talk some more about the conductor. In certain materials 

lllTrZ, r 'T'^l '^"^'^ The eiTe^Tt "^detach 

t ^^ T r electrons there are to oontribS^ 

to the £ ow of current. Experiments show that in some meteS there U 
such a tree interchange of orbital electrons between atoms ttet free etec- 
seemsTalf.Vf° ^ °^tsiie force being applied. The metal 

TW^ti f ff« electrons. Such a material is used to make conductors' 
electrons """"^ "^''^ '^''^^ opposition to the movement of 



Conductors are constructed from materials with 

a. high resistance. 

b. low resistance. 

c. ^ the ability to retain its electrons, 

d. a large number of valence electrons 



Answer: b. 
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A conductor is constructed of material that offers small opposition to 
the flow of electrons. Material of this type has valence electrons that 
easily become free electrons when an electromotive force is applied. 
In contrast to good conductors, some materials are composed of atoms 
with tightly held valence electrons. The valence shell is almost com- 
plete, and few electrons escape to become free electrons. Such materials 
offer great opposition to the movement of electrons between atoms: Matei - 
ials which offer the greatest resistance to current flow are used as insu- 
lators. 



Conductors are constructed from materials with 



(Check (V ) the correct 



answer) 



a. 



tightly held valence electrons. 



a large number of atoms. 



high resistance. 



d. 



low resistance. 



Materials with extremely high resistance are used as 



a. 



insulators. 



b. 



conductors. 



c. 



fuses. 



d. 



ohms. 




Answer: 



d.; 



49 V 

A ? 



Now let's review the conductor - insulator area. Substances that permit 
the movement of a large number of free elections are called conductors 
The greater the number of electrons that can be made to move in a material 
under the application of a given electromotive force, the better are the 
conductive quaUUes of that material. An insulator is a substance that has few 
ree electrons Since current flow depends upon the movement of free elec- 
trons, the lack of free electrons in an insulator will prevent the flow of 
C'-.rent. The insulation on the electrical wiring prevents the current from 
jumping to other devices or being knocked into space. 



Check ( Y ) the correct answer 



CondQctors are constructed from materials with a large 
number of 



molecules. 



b. 



atoms. 



c. 



protons. 



d. free electrons. 
Materials having very few free electrons make good 

a. atoms. 

b. conductors. 

c. molecules. 

d. insulators. 



Answer: d. ; d. 
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We saiJ that a good conductor is a material that offers small opposition 
to the fl6w of electrons (current). Actually, what we are saying is that 
a good conductor will readily accept or give up its valence electrons. 
Thus, a very small force or amount of energy (electromotive force) will 
cr"«?e such electrons to be moved from the atom and become free elec- 
trons to contribute to the flow of current. Some of the materials that 
will do this for us are copper^ aluminum, iron, platinum, and silver. 
In general all metals are good conductors. 

Check ( / ) the true statements. 

Q 1, A good conductor will be made from copper, aluminum, 
iron, silver, and platinum. 

n 2. Metals can be used as conductors or as insulators. 

Q X A good conductor will readily accept or give up its 
valence electrons. 

Q] 4. A good conductor has atoms which provide very few 
free electrons. 

n 5. Copper, aluminum, iron, silver, and platinum are 

used as conductors because their atoms readily accept 
or give up valence electrons. 



i 



Answer: 1, 3, 5. 
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We ii^ tliftt in iMulfctor U a matwial th»t offer! ^ >/rN rj 

the movement of electrona. An InsiUator has electrona just as all H^o 
materials have, hut it has practicaUy no free electrons. The valence 
electrons have rombined with other valence electrons to complete the 
valence shell, ieavii^ no free electrons available for current flow 
Rubber, glass, paper, dry air, mica, and bakeUte are examples of 
good insulating materials. 



Check ( i 


1 ) the correct answer. 


n 


1 


Insulators are made of materials that offer very 
little opposition to current flow. 


□ 


2. 


Conductors are made of materials that offer great 
opposition to the movement of electrons. 


□ 


3. 


A good conductor will be made from copper, aluminum, 
iron, silver, and platinum. 


□ 


4. 


A good insulator will be made from rubber, paper, 
dry air, glass, bakelite,and mica. 



Answer: 3, 4. 
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It is incorrect to say that all materials are either conductors or insulators, 
because there is no sharp dividing line. The best conductors are used 
to carry current, and the poorest conductors are used as Insulators to 
prevent current flow. All substance offers sotae opposition to current 
flow. This opposition Is called resistance. Insulators have great resis- 
tance, while conductors have little resistance. The best injsulators - 
that is," the poorest conductors, are rubber, glass, paper, dry air, gas, mica, 
and t»keUte. The best conductors are the metals and acids. 

Identify the materials that are used as Insulators and the 
materials used as conductors by placing an 'T' or "C" in 
the appropriate t!::.nk. 

Ffubber Mica 



Glass Iron 



Paper Platinum 



Copper Silver 



Bakelite 



Gas 



Materials with extremely high resistance are used as 

a. conductors. 

b. fuses. 

c. ohms. 

d. insulators. 

Conductors are constructed from material with 

a. tightly beid valence electrons. 

b. a large number of atoms. 

c. ' high resistance. 

d. low resistance. 



Aluminum 
Dry air 



Answer: I, I, I, C, C, I, I, C, C, C, I, I; d. d. 
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Ut's rtvitw CiM l&fonicHUion on r^aiatanet and die &ctora ktfectii« 
reaiatanca. A <»p|jap wire will c duct pijirraiit with relative eaae 
but it atiU offera some resiatance to current flow. The ajxloQnt,of ' 
reaUtancelnwirea win vary with the, diameter, lei^h, tetoperature 
and the type of material. A large diameter wire offers lesa reaistance 
than a amall diameter wire. Iron wire haa fewer free electrona than 
copper wire. Therefore, iron wire offers more resistance than a 
copper wire of the same temperature, length, and diameter. The 
resistance of most metals increases with an increase in temperature. 

Check ( \/) the correct answers. 

The opposition to current flow in a conductor is known as 

a. reactance. 

b. resistance. 

c. voltage. 

d. reluctance. 

The unit of measure for resistance is the 

a. henry. 

b. watt. 

c. ohm. 

d. ampere. 

The four factors affecting the resistance of a material are the 

a. length, temperature, voltage, and insulator. 

b. temperature, .cross -sectional area, insulator, and 
type of material. 

c. chemical structure, insulator, number of protons, and 
length. 

d. type of material, length, temperature, and cross- 
sectional area. 

Answer: b; c; d. 



54 



By now you should be famif^ar with the terms - electromotive force 
whic|i is measured in volt^, current which is measured in amperes, 
and resistance whict^ is measured in ohms. When we speak of electro- 
motive force, 'we will call it voltage. Voltage by itself does not contain 
energy, and voltage by itself can ,io no work. The same is true of 
current alone. To traiisjnit energy and to do work, voltage and current 
must act together. If voltage and current are to act together, there 
must be a conductor for the current to move through^and some device 
to be acted upon. The conductor must start at the source of voltage, 
go to the device acted upon, and return to the source of voltage. We 
have described what is called an electrical circuit. 

Use the words conductor, voltage, device acted upon, 
current, and resistance - label each arrow on the 




Answer: 1. current; 2, resiitance; 3. device acted upon; 
4. conductor; 5. voltage. 
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Now let's discuss the eifects of current flow on the circuit and elec- 
trical devices. One effect of current flow Is heat. The heating ^/ 
etfect of current is produced when electrons are forced to move in a ' 
material which has high resistance. The movement of electrons 
m high resistance material produces high internal friction and results 
in the production of heat. The filament in lamp bulbs ^las such high 
resistance that when electrons move through this filament it heats 
to a white hot condition and gives off light. Current flow in any con- 
ductor will produce jBome heat, but to take advantage of the heating 
effect, high resistance materials are used. This heating effect is used 
m many places including electric stoves, heating pads, soldering irons 
etc. ' 

The product of heat in a resistor is the effect of 
a. low voltage, 
b resistance. 
0. chemical reaction, 
d. current flow. 



,\nswer; d 
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Current produces chemical action when it flows through a liquid. Ex- 
ample of this effect are the charging of a battery. The chemical 
reaction causes the acid to remove electrons from one plate and 
store them on the other plate. When an outside circuit is connected 
between the terminals of the plate, a current will flow un^il the 
solution of acid is neutralized by the materials of the battery plate. 
I{i this state, the battery is completely discharged and will not produce 
electromotive force. If a current is forced through the bat tery in an 
oppo'site direction, the chemical effect of the current will separate . ' 

the acid elements from the plate material. The battery will be restored 
to its former charged condition. Other uses of the chemical effects 
of current flow include electroplating of metals, and commercial produc- 
tion o: hydrogen, oxygen, and chlorine gases. 

Two effects caused by current flow are 

a. chemical reaction and current. 

D. heat and electromotive force. 

c. voltage and resistance. 

d, chemical reaction and heat. 



Answer: d 



0 
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The magnetic effect of current flow gives us the operation of telephones ' 
telegraph. lUtin^ magnets, electrical meters, motors, and transformers 
This IS perhaps the most used of the various effects of current flow When 
cuii^iii tiows through a wire, a magnetic field is set up around the wire 
The direction and strength of the magnetic field will be determined bv the 
direction and strength of the current producing it. The magnetic field 
around a current carrying ^ire is composed of circular lines of magnetic 
force. As you know, electromotive force is produced by rotating a con- 
ductor through the field of force. The above named devices also operate 
m a similar manner because of the magnetic effect caused by current flow. 

The product of heat, chemical reaction, and magnetism in con- 
ductors or liquids is the effect of 

a. induced reaction. 

b induced resistance. 

c. insulator. 

d. current flow. 
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The shock effect of current is a very undesirable effect. This shock Is 
caused by the passage of current through the body or a portion of the 
k^y and is cause^l by contact with a current-carrying conductor. The 
results are burns and a paralyzing effect on the heart and chest muscles, 
A current of only a fraction of an ampere flowing through the human body 
is usually fatal. 

The product of heat, chemical action, magnetism, and 
electrical shock in a conductor or liquid is the effect of 

a. ohms, 

b, potential voltage. 

c, resistance, 

d. current flow. 



Just one mt;re word on current and you are through with 
thesubject. 

Current which flows steadily in the same direction such as 
the current flow caused by a battery is called direct current, 
and is abbreviated as DC, The current used in most appliances 
in your home, such as irons, lights or refrigerators, does not 
flow steadily in the same direction but flows first in one direc- 
tion and then in the opposite direction at regular intervals. It 
is produced by the magnetic field of a generator. This kind 
of current is called alternating current, and it is abbreviated 
as AC. 



Answer: 
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If you miss more than 3 out of the 33' total 
responses, you have not satisfactorily com- 
pleted the assignment. 

— f — — 



Match the definitions with the list of terms by placing the number of 
the definition in the appropriate blank. 



Matter 

Molecule 

Atom 

Element 

Compound 



5. 



The smallest particle of an element 
that can take part in ordinary chem- 
ical change. 

A substance which is made up of 
different kinds of atoms in chemical 
combinations. 

A substance which is made up of the 
same kind of atoms , 

The smallest particle into which a 
substance can be reduced and still 
retain the characteristics of the 
substance. 

Anything which occupies space and 
has weight. 
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Identify the components of the illustrated atom by placing the 
number of the component in the appropriate blank. 



1. Electron 

2. Nucleus 

3. Neutron 

4. Ion 

5. Proton 




3, 



Identify the electrical charge of each illustrated atom by writing 
the word Positive, Negative,or Neutral in the appropriate blank. 



//-3~> /p';I>qn 



4 ' 
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4. Tjljfi definition of electrical current is the 

a. flow of applied voltage through a conductinfe material. 

- ■ / ' ' . ' , 

b. movement of free electrons through a conducting material. 

c. flow of magnetic flux arountl a conducting material. 

d. result of ohms through a resistive material. 

5. The unit of n^easu^e for current flow is the ■ 

a. volt. • 

b. Ohm. 

c. proton. 

d. ampere. 

6. The product of heat, chemical change, electrical shock,on 
magneti.->m in conductors or liquids is the effect of 

a. potential voltage. 1 

b. current flow. 

c. resistance. 

d. power potential. 
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The electrical pressure that causes current flow through a con 
uuctor IS called 

a. electromotwe force. 

b. henrys. 

c. chemical reaction. 

d. induced reaction. ' 

The unit of measuremelU for electromotive force is the 



a. 


watt. 


b. 


ampere. 


c. 


:>hm. 


d. 


volt. 







The three sources of elec^omotive force are 

a. chemical reaction, heat, and magnetism. 

b. current, voltage, and resistance. 

c. inductive reaction, chemical reaction, and heat reacti^^n. 

d. chemical reaction, heat, and current. 



4 ^ n 
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The opposition to current flow in a DC circuit is known as 

a. reactance, 

b. resistance. 

c. voltage drop. 

d. reluctance. 

The unit of measure for resistance is the 

a. henry. 

b. watt. 

c. ohm. 

d. ampere. 

The four factors affecting the resistance of a material are the 

a. length, temperature, cross sectional area, and 
relative resistance. 

b. temperature, length, cross sect ionai area, and the insulation. 

c. cross sectional area, insulation, chemical structure, and 
temperature. 

d. type of material, length, temperature, and cross sectional 
area. 




13. Materials with extremely high resistance are used as 

a. Insulators. 

b. conductors. 

c. fuses. 

d. resistors. 

14. Conductors are constructed from materials with 

a. high resistaiice. 

b. low resistance. 

c. low permeability. 

d. high permeability. 

15. Identify the materials that are used as insulators and the materials 
used as conductors by placing an "F' or "C" in the appropriate blank. 

Rubber Dry air 

Glass P^ica 

^'^Per Iron 

Copper Platinum 

Aluminum Silver 

Bakelite 



